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Studies of the Timothy Plant 
PART I 
The Influence of Maturity upon the Yield, Composition, Di-
gestibility, Palatability, and Feeding Value of Timothy Hay 
H. J. WATERS1 
ACKNOWLEDGMENT 
For the last seventeen years, with more or less interruption, the 
Missouri Agricultural Experiment Station has conducted a systematic 
study of the factors affecting the yield and value of timothy hay. In 
1896 the writer, associated with the late Dr. Paul Schweitzer, Chemist 
of the Agricultural Experiment Station, began a study . of the effect 
of the stage of development of the timothy plant upon the yield and 
value of the hay produced. These studies were continued with more 
or less interruption until 1909. 
In 1907, Dr. P. F. Trowbridge succeeded Dr. Schweitzer as Chem-
ist of the Station and Dr. Trowbridge has had supervision of the chem-
ical work since that time. The details of the field tests and feeding 
trials in 1896 and 1897 were in charge of C. lVL Conner, Assistant in 
Agriculture, of the Experiment Station, later Agronomist of the Bur-
eau of Agriculture, Philippine Islands. 
In 1898, D. W. May, now Director of the Porto Rico Agricul-
tural Experiment Station,. had charge of these details. The next 
year, Mr. May was succeeded by Thomas I. Mairs, now Professor 
of Rural Education in the Pennsylvania State College. In 1907-08, 
John M. Evvard, Assistant to the Director, now Assistant Chief Ani-
mal Husbandry, Iowa State College was in charge of the field work. 
When the writer resigned the directorship of the l~viissouri Agri:.. 
cultural Experiment Station, Dr. P. F. Trowbridge was placed in 
charge of the experiment, and special chemical studies were continued 
by Dr. L. D. Haigh. Dr. Haigh has brought his studies to a con-
clusion and the report of the results of his work forms Research Bulle-
tin 20 of this Station. He has also rendered much assistance .in the 
preparation of this bulletin for publication. 
THE PROBLEM ·' 
The fundamental question which these experiments sought to an-
swer is the stage of development of the timothy plant at which har-
•Director of the Experiment Station from 1895-1909. 
(3) 
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vesting should take place in order to produce the largest quantity of 
hay of the highest feeding value and of the greatest market value. 
Many important secondary problems were also involved. and formed 
a part of this inquiry. These included the effect of the time of cut-
ting timothy on the palatability of the hay produced, the ease and cer-
tainty with which the hay may be cured and stored, and the effect 
of the stage of development of the plants when cut on the perma-
nence of the stand. 
THE PLAN 
Time of harvesting.-Uniform areas of timothy were harvested 
at five different stages of maturity. 
The first cutting was made about June 12, when the plants were 
just in full head; the second, about June,20, when the plants were in 
full bloom; the third, about July 1, when the seed had formed; the 
fourth, about July 8, when the seed was in dough; and the fifth, about 
July 16, when the seed was ripe btit not shattered. 
Method of determining the yield.-Duplicate one-tenth acre plots 
were laid off near the time of making the first cutting so that land 
on which there was a uniform stand and growth of timothy could 
be selected. New plots were laid off each year, al tho the plots of the 
previous year were kept for a study of the influence of the different 
dates of cutting upon the subsequent stand and development . of the 
plants. 
The grass was cut with an ordinary two-horse mower and field-
cured to the extent that good practice would demand. The cured 
hay was raked into windrows, sampled for the chemical studies re-
quired in the experiment and hauled to the barn to be weighed and 
;tored. 
At the same time that the hay from the experimental plots was 
harvested, an area of an acre or more in the field was cut and handled 
in the same manner, to provide the hay needed for digestion and £eed-
i.11g trials. Care was taken to find areas for this P.urpose that closely 
O'.)rresponded with the experimental plots in such matters as the thick-
ness of stand, rankness of growth, and stage of maturity. The hay 
from all cuttings was stored in the mow and covered with other hay to 
protect it from injury from dust and from loss of aroma thru ex-
posure to air and light. 
Samples and analysis.-A sample of each cutting of the field-cured 
hay, made up of five subsamples, chosen from evenly distributed points 
on each plot, was taken for chemical analysis. The sample was put 
immediately into a tin pail with a tight-fitting lid and taken to the 
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laboratory where it was weighed. After being brought to an air-
dried condition, the sample was run thru a feed chopper and a final 
sample taken. 
Digestion trials.-The digestion trials in all cases were made with 
cattle and they had no other feed than the hay under test. In the 
first trial, three two-year-old high-grade shorthorn steers were used 
and in the other trials, three yearling grade shorthorn steers were used. 
The digestibility of one cutting was determined at a time and all 
of the animals were given as much of this hay as they would eat for 
a preliminary period of two weeks, after which the samples of dung 
and urine were collected daily. The true digestion period was ten 
days in length for each cutting. The hay was cut into three-fourth 
inch lengths before being fed and a sufficient quantity for the entire · 
digestion trial was cut and thoroly mixed before the trial begun. 
Tests of palatability.-Tests of palatability were made with year-
ling beef steers fed on hay alone; with Jersey cows in milk, and be-
ing fed silage, corn, stover, and mixed grain, in addition to the hay un-
der test; and with yearling sheep that were being given all the mixed 
grain they would eat and no other roughage than the hay under ex-
periment. 
THE RESULTS SUMMARIZED 
The stage of development of the plants when harvested was 
found to affect (1) the yield, (2) the composition, (3) the digestibil-
ity, ( 4) the palatability, ( 5) the convenience of harvesting, ( 6) the 
permanence of the stand, (7) the keeping qualities of the hay, and 
(8) the selling quality of the hay. 
The yield of cured hay.-In two years, the yields of field-cured 
hay were greatest from the fourth cutting when the seed was in 
the dough stage; in two years, the greatest yields were from the 
third cutting when the seeds were beginning to form; and in one year, 
the greatest yields were from the fifth cutting when the plants were 
fully ripe. The result of averaging all the trials in which cuttings 
were made shows the largest yield from the third cutting, when the 
seeds were beginning to form. Expressed in terms of relative yields 
and giving to the product obtained at the · third cutting the value of 
100, the yield from the other cuttings would have a value of 99.3 
for the fourth cutting, 93.8 for the second cutting, 89.7 for the fifth 
cutting, and 89.4 for the first cutting. Thus, the difference between 
the third and fourth cuttings was slight, averaging but 43 pounds of 
hay an acre, or less than one per cent. The average difference be-
tween the yield of the first and last cuttings was small, but these 
cuttings produced an average of betwee.n 500 and 600 pounds less 
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hay to the acre than did the third and fourth cuttings. Thus these 
intermediate periods, or when the seeds have been formed, show the 
maximum yields of cured hay. 
The yield of digestible nutrients.-The yield of digestible nutrients 
is a much more accurate measure of the value of the harvest than the 
quantity of cured hay obtained. When measured by the standard of 
digestible nutrients produced, the earlier cuttings make a more favor-
able showing than when measured by the amount of cured hay secured. 
This is because the animals digest the earlier-cut hay more completely 
than they do the late-cut hay. The digestibility of timothy hay is 
shown to decline steadily as the plant develops, beginning as early 
as when the plants are in full head. The second cutting, when the 
plants were in full bloom, gave the largest yield of digestible dry mat-
ter, digestible protein, digestible fat, digestible crude fiber, and digesti-
ble nitrogen-free extract of any of the five cuttings. In the yield 
of digestible fat only did any of the later cuttings exceed the second cut-
ting. The prevailing practice of the Eastern farmer is to harvest his 
timothy before the seeds are formed or at the stage which our trials 
show will give the largest yield of digestible nutrients. 
Palatability of hay as affected by the time of harvest.-Y ear ling 
steers subsisting entirely on hay, when given free access to the hays 
from all the cuttings, in every case showed preference for them in 
the order in which they were cut. The fourth and fifth cuttings were 
left almost untouched until the hays of ail earlier cutting had been 
· entirely eaten. Milk cows, having grain and other roughage besides 
the hays under test, were not so discriminating in their taste as re-
gards the first three cuttings, but they, like the steers, left the fourth 
and fifth cuttings almost untouched until the first, second, and third 
cuttings were eaten. Sheep, full fed on mixed grain, appeared to 
eat one cutting with as much relish as another. 
The permanence of the stand.-The results show conclusively that 
the time of cutting affects the length of life of a meadow. Early cut-
ting tends to weaken the stand and late cutting to conserve the strength 
of ~he plant and prolong its life. · 
THE INVESTIGATION IN DETAIL 
Yield of cured hay from different cuttings.-The following tables 
show the actual and relative yields of field..;cured hay obtained in each 
cutting during each of the five years of trial. All the samples for 
analysis were obtained at the time of cutting, but the weight of field-
cured hay was not obtained for the first, second, and fifth cuttings of 
the third year and for the first cutting of the fifth year, these cut-
tings having been lost on account of rain. In computing the relative 
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yield, the highest yield in each case is given the value of 100 and 
the yields of the other cuttings are computed on this basis. 
TABLEI.-YIELD OF CURED HAY PER ACRE FROM DIFFERENT CUTTINGS 
Yield 
Trial, year, and cutting 
Actual Relative• 
First trial 1896, 5 cuttings complete 
First cuttin\{ partly in bloom, June 11. ....... . .... ........... . .. . 
Second cuttmgfull bloom, June 17 .....................•..... .. . . 
Third cutting seed formed, June 30 .... . ... . . . .. ........ . . ... . . . . 
Fourth cutting, seed in dough, .July 7 ........................... . 
Fifth cutting, seed fully ripe, July 13 ........ . ...•..... .•..... . ... 
Pounds Per cent 
4100 76 .8 
5340 100.0 
5200 97.4 
4740 88.8 
4700 88 . 0 
Second trial 1897, 5 cuttings complete 
Firstcuttin~. full head, Jw1e 14 .. ...... . . . .. ... ...... ... . .. . . .. . 
Second cuttmg, full bloom. June 22 ........ ... ......... . ..... . .. . 
Third cutting, seed formed, July 2 ... . ..... .. . . . . . . .. . . . . ... . .. . . 
Fourth cutting, seed in dough, July 8 ........................... . 
Fifth cutting, fully ripe,.Tuly 21. ........ . . . .................... . 
5760 96.0 
5520 92 . 0 
5600 93.3 
5590 .93.2 
6000 100.0 
Third trial 1898, 2 cuttings(ftrst, second and fifth spoiled by rain) 
Third cutting, seed formed, June 28 ............................. . 
Fourth cutting, seed in dough, July 8 ........ . . . ................. . 
3090 90.4 
3420 100.0 
Fourth trial 1899 . .5 cuttings complete · 
First cuttin~. coming in bloom, .June 12 ... . ... . .. . .. . ........... . 
Second cuttmg. full bloom. Jwie20 . . . .. . .... . . ................. . 
Third cutting, seed formed, June 28 . . . .. .. ... .. .... . . . ... . . ..... . 
Fourth cutting, seedi n dough, July 5 ..... .... . ...... .. . .. . . ... .. . 
Fifth cutting, seed ripe, July 7 . . ...... . .. . .. . . . .. . ....... .. ..... . 
5680 . 82 . 1 
5440 78.6 
6580 95 .l 
6920 100.0 
4880 70 .5 
Fifth trial, 1900, 4 cuttings (first lost on account of rain) 
Second cutting, full bloom, June 20 ....................•......... 
Third cutting, seed formed, June 28 ....... . ... . ................. . 
Fourth cutting. seed in dough, July 5 ............................ . 
Fifth cutting, seed ripe, July 12 ....... . ... . .. . ................ . . . 
2600 84.4 
3080 100.0 
2500 81.2 
2240 72.7 
•The highest yield In each case ls taken as 100 per cent and the other statements of 
relative yield are based µpon it. 
TABLE IL-AVERAGE YIELDS OF CURED HAY PER ACRE 
Cuttings Averaged 
(a) AVERAGE YIELDS FOR THE 3 Yl~ARS IN \VHICll 5 CUTTINGS WBlUJ MADE 
Flrstcuttini,, partlyln bloom .......... . ................... . .. . . 
Second cuttmg, full bloom . .. . .. .... .. .. . .. .. ... ...... . ... ... . . 
Third cutting, seed formed . ............... . .. . . . .... . ..... . . . . . 
Fourth cutting, seed in dough .. .. . .. . ... . . ............ ... ..... . . . 
Fifth cutting, seed fully ripe ... . .... . .... . ... . . ... ..... .. . .. ..•. 
(b) AVERAG E YIEL DS FOR THE 4 YEARS IN WHICH 4 CUTTINGS W E RE MADE 
Second cutting, full bloom . .. . . .. . . . ... . . .. .... . . . ... .. . .. .. . . . . 
Third cuttmg, seed ro·rmed ..... •. .. .... .. . .. ... ......... .. . ..•. 
Fourth cutting, seed in dough ....•.... . .... . ... . ... . ..... .. . ... . 
Fifth cutting, seed fully ripe ... ............ ....... .... , ........ . 
(C) AVERAGE YIELDS FOR THE 5 YEARS lN WHICH 2 CUTTINGS WERE MADE 
Third cutting. seed formed .. ............................... . .. ·. 
Fourth cutting, seed in dough .. . .. .. . .. . . . . .. . .. . . . .... . .. . . . . . . 
Yield 
Actual Rela.tive1 
Pounds 
5180 
5433 
5793 
5750 
5193 
4725 
5115 
4937 
4455 
4710 
4634 
Percent 
89.4 
93 .8 
100. 0 
99.3 
89 . 7 
92.4 
100.0 
96.5 
87.1 
100.0 
98 . 4 
•The highest yield in each case is taken as 100 per cent and the other statements of 
relative yield are bij,sed upon it. 
From Table I, we observe that in the first year of the experi-
ment, the second cutting gave the largest yield of cured hay. The 
third cutting gave the second largest yield, the fourth and fifth cut,-
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tings, almost alike in yield, ranking next, the first cutting giving the 
smallest yield-1,240 pounds an acre less than was obtained from the 
second cutting. 
The next year, the last cutting when the seeds were ripe gave 
the largest yield of cured hay. The first cutting was second in yield, 
Total 
Dry 
thller 
producing 240 pounds an acre less hay than the last cutting. The sec-
ond, third, and fourth cuttings each yielded about the same amount 
--:-400 pounds less than the last cutting. 
In the third year, as already explained, the yield of hay was ob-
tained from only the third and the fourth cuttings, of which the 
fourth cutting was the largest. 
In the fourth year, the fourth cutting, when the seed was in the 
dough, came first in yield, followed by the third, the first, the sec-
ond, and the fifth cuttings respectively. 
In the fifth year, the third cutting stood highest in yield, fol-
lowed by the second, the fourth, and lastly the fifth, which gave a 
yield of 840 pounds an acre less than the third cutting: 
In such an experiment as this, it is not feasible to cure the hays 
of different cuttings to the same degree of dryness. Difference in 
the amount of water contained in the different hays accounts in part 
for the lack of consistency in yield of field-cured hay. Therefore, 
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the yields are computed on the basis of the dry matter contained m 
the hays as a more accurate means of determination. 
The yield of dry matter.-The value of hay as stock food is de-
termined by the dry matter it contains and by its digestibility. The 
cuttings showing large yields of dry matter, if equally digestible 
TABLE III.-YIELD OF DRY MATTER PER ACRE FROM DIFFERENT CUTTINGS 
Trial, year, and cutting 
First trial, 1896, 5 cuttings complete 
- First cutting, parily in bloom, June 11 ......... -.................. . 
Second cutting, full bloom, June 17 ................. . 
Third cutting, seed formed, June 30 ..... . ... . .. . .......... . ..... . 
Fourth cutting, seed in dough, July 7 ... . ...... . . . .... ... .. . . .. .. . 
Fifth cutting, seed ripe, July 18 ...... . ... .. .... ..... . .......... . 
Second trial, 1897, 5 cuttings complete 
First cutting, full head, June 14 . .. .. . ...•.•.....•. • .... .. .....•. 
Second cutting, full bloom. June 22 . . .. . .. ............. .. . . .. •. .. 
Third cutting, seed formed, July 2 .... .... ............ .. ..•. ... .. 
Fourth cutting, seed in dough. July 8 .... . ..... ... .... . . ..•... .. . 
Fifth cutting, seed fully ripe, July 21. ........ . .................. . 
Third trial, 1898, 2 cuttings (first and second and fifth cuttings spoiled by 
rain) 
Third cutting, seed formed, June 28 . . .... ... ..... . . . ........... . . 
Fourth cutting, seed in dough, July 8 .. .. . .. .... .... . ............ . 
Fourth trial, 1899, 5 cuttings complete 
First cutting, coming into bloom, June 12 . ....................... . 
Second cutting, full bloom, June 20 .. ..... . . .... . .. ............. . 
Third cutting, seed formed, June 28 . ........ . ................... . 
Fourth cutting, seed in dough, July 5 .... ... .......•..........••. . 
Fifth cutting, seed ripe, July 17 ........ . ...... • . .... .. ........... 
l<'ifth trial, 1900, 4 cuttings (first spoiled by rain) 
Second cutting, full bloom. June 20 ................ . ............ . 
Third cutting, seed formed, June 28 ................... . ... , ..... . 
Fourth cutting, seed in dough, July 5 ............•.. . ...... ...... . 
Fifth cutting, seed ripe, July 12 . . .... . . ... ..................... . 
Yield 
Actual Relative' 
Pounds Per cent 
2863.4 76.8 
3429.9 91.9 
3730 .5 100.0 
3605.5 96.7 
3349.2 89.8 
4034.9 91.9 
4391.2 100.0 
4285.7 97.6 
4271.3 97.3 
4314.0 98.2 
2388.6 96.2 
2482.6 100 . 0 
3334 . l 78.4 
4070.3 95.7 
4251.2 100.0 
4237.8 99.7 
3577.1 84.l 
2102.1 88.8 
2366.4 100.0 
1967.0 83.1 
1810.8 76.5 
'The highest yield in each case is taken as 100 per cent and the other statements of rela-
tive yield are based upon it. 
TABLE IV.-AvERAGE YntLDS OF DRY MATTER PER AcRE 
Cuttings averaged 
(a) AVERAGE YIELDS FORT-HE 3 YEARS IN WHICH 5 CUTTINGS WERE 
MADE 
First cuttinf>. partlf in bloom .........................••... ... .. 
Second cuttmg, ful bloom ...• ........ ........... .............. . 
Third cutting, seed formed . ....................... . .... . ...... . 
Fourth cutting, seed in dough ............... . .......... ... ..... . 
Fifth cutting, seed ripe ...•.. .. .. ......... .. ........ ............ 
(b) AVERAGE YIELDS FOR THE 4 YEARS IN WHICH 4 CUTTINGS WERE MADE 
Second cutting, full bloom .. . .................................. . 
Third cutting, seed formed ... . . .. . .. .... .. . ........ .. ........ . . 
Fourth cutting, seed in dough .•...... . .......................... 
Fifth cutting, -seed ripe ........................................ . 
(C) AVERA.GE YIELDS FOR THE 5 YEA.RS IN WHICH 2 CUTTINGS WERE MA.DE 
Third cutting, seed formed .....•.........•.•................... 
Fourth cutting, seed in dough ..... ~ .... . ................. . ..... . 
Yield 
Actual Relative' 
Pounds Percent 
3410.8 83.4 
3963.8 96.9 
4089.1 100.0 
4038.2 98.8 
3746.8 91:6 
3498.4 95.6 
3658 .4 100. 0 
3520 .4 96.2 
3262.8 89.2 
3404.5 100.0 
3312 .8 97.3 
1The highest yield in each case is taken as 100 per cent and the other statements of relative 
yield are based upon it. 
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will also be the cuttings furnishing the largest yields of marketable hay 
as well as of actual }ood nutrients. Consideration of Tables III 
and IV will bear out these facts. 
In the first trial of the experiment, the largest yield of dry 
matter was obtained from the third cutting when the seed was just 
formed. The fourth cutting with the seed in dough was a close sec-
ond; the second cutting came next; the fifth cutting stood next in 
order; and the first cutting when the plants had just headed gave 
the smallest yield. The smallest yield was 870 pounds of dry matter 
to the acre less than the highest yield. 
In the second trial, the second cutting gave the largest yield, the 
fifth cutting following closely with only 80 pounds less dry matter 
to the acre than was obtained from the second cutting. The third 
cutting when the seeds were formed came next, after which came the 
fourth cutting, and finally the first cutting with a yield of 360 pounds 
less than the highest yield. 
In the third trial, foe yields were obtained on only two cuttings, 
the third and fourth. Of these, the fourth cutting gave the larger 
yield, exceeding the third cutting by approximately 100 pounds of dry 
matter to the acre. 
In the fourth trial, the third cutting when the seed had just 
formed gave the highest yield, and the fourth cutting yielded almost 
as much. The second cutting stood third; the fifth cutting came 
next; whiJ.e the first cutting gave the smallest yield, or 917 pounds 
less dry matter to the acre than was obtained from the third cutting. 
In the fifth trial, the first cutting was lost on account of rain. The 
highest yield was obtained from the third cutting; the second cut-
ting followed with 264 pounds less; the fourth cutting with 400 pounds 
less; and tli.e fifth cutting was last with 555 pounds, or 23.5 per cent 
less dry matter than the third cutting. 
Consideration of all these facts clearly indicates that the largest 
yield of dry matter is to be obtained somewhere between the time 
when the plants are blossoming and the time when the seeds are 
formed. In one trial the third cutting, made when the seed had just 
.formed or soon after blossoming, gave the maximum amount of dry 
matter. The fourth cutting, or when the seed had partly ripened, fol-
lows very closely in the matter of yield of dry matter. After these in 
order named, came the second cutting, when the plants were in blossom, 
the fifth cutting when the plants were ripe, and last the first cut-
ting when the plants were in full head but not yet in blossom. 
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THE CHEMICAL COMPOSITION AS AFFECTED BY THE TIME 
OF HARVEST 
In Tables V to VIII is shown the composition of field-cured 
hays cut at different times as determined by the analysis of the sam-
ple collected. Moisture and its complement, total dry matter, appear 
in Tables V and VI, and the percentages of nutrients calculated 
upon the dry basis are shown in Tables VII and VIII. 
TABLE v.-PERcENTAGE oF J',IoisTuRE AND DRY lHATTER IN FIELD-CURED HAY 
Trial, year, and cutting Moisture Dry 
matter 
Percent Percent 
First trial, 1896, 5 cuttings complete. 
First cutting, partly in bloom, June 11 ....... . .. . ... .. .......... . 
Second cutting, full bloom. June 17 . . ... ............ . ..... . . .. .. . 
Third cutting, seed formed , June 30 . . ........ . ..... . .... . .... ... . 
Fourth cutting, seed in dough, July 7 . ........ • .. . .. . ...•... .. ...• 
Fifth cutting, seed ripe, July 13 .. .... .......... . ..... . .. . ...... . 
30.16 69 .84 
35.77 64.23 
28.26 71. 74 
23.94 76 . 06 
27 . 03 72.97 
Second trial, 1897, 5 cuttings complete 
First cutting, full head, June 14 .. . .. . ... . ...... . . .. . .. .. . . . . .. . . 
Second cutting, full bloom, June 22 . . .. .... .... ........... . .. . .. . 
Third cutting, seed formeJ , July2 . . . . . . ... . .. . . . . . . .. ......... . 
Fourth cutting, seed in dough, July 8 . ..... .. ...... . . . ........... . 
Fifth cutting, seed ripe, July 21 ................. . .. ... .... . . . .. . 
29.95 70.05 
20 .45 79 . 55 
23.47 76 . 53 
23.59 76 . 41 
28.10 71.90 
Third trial, 1898, 3 cutting~ (firs t a nd second spoiled by ra in) 
Third cutting, seed formed, June 28 ...... . ... . .. . .............. . . 
Fourth cutting. seed in dough, July 8 .. . .... . .......... . .. ... . ... . 
Fifth cutting, seed ripe, July 13 ........... . . . ....... .... ...... .. 
22 . 70 77 . 30 
27.41 72.59 
25 . 44 74 . 56 
Fourth trial , 1899, 5 cuttings complete 
First cuttin~. coming into bloom, June 12 .... .. . . ...... . . .' ..... . . . 
Second cuttmg, full bloom, June 20 .. .... ..... . .... .. . . ......... . 
Third cutting, seed formed , June 28 ... . . . . . .. .... .. .. ... . .... . .. . 
Fourt h cutting, seed in dough, July 5 ....... . . . ...... . . . .. . .. . ... . 
Fifth cutting, seed ripe, July 17 .. ... . ... .. ............ .. ... . ... . 
41.25 58.75 
25 . 19 74.81 
35 . 33 64.67 
38.03 61.97 
26.73 73.27 
Fifth trial, 1900, 4 cuttings (first spoiled by rain) 
Second cutting, full bloom, June 20 .. ... . ................•....... 
Third cut ting, seed formed, June 28 .. .... . .... . . . . . ............ . . 
Fourth cutting, seed in dough. July 5 . . .... . .. . ..... . ... . ........ . 
Fifth cutting, seed ripe, July 12 . . .. .... . ... .... . ... . . .. .. .. . ... . 
19 . 15 80 .85 
23 . 17 76.83 
21.32 78.68 
19 . 16 80.84 
TABL"E VI.-AVERAGE PERCENTAGES OF MOISTURE AND DRY MATTER IN FIELD-CURED 
HAY 
Cuttings and averages 
Firstcuttln~. average for 3 years . . ............ . ...... . ...... . .. . 
Second cuttmg, average for 4 years . ............. • .. . .. • ... . . . ... 
Third cutting, average for 5 years . .... .. . .... . . . .. . ........ .... . . 
Fourth cutting, average for 5 years . . . . . .. . .... . .. .. .. . ....... . . . 
Fifth cutting, average for 5 years ... . . . . .. ...... . ....... .. . . .... . 
Moisture 
Percent 
33 . 79 
25.14 
26.58 
26 .86 
25. 29 
Dry 
Matter 
Percent 
66.21 
74.86 
73.42 
73.14 
74.71 
Considering the moisture percentages obtained by averaging all 
trials, Table VI, we obtain, as might be expected, the highest moisture 
·content in the first cutting. The other cuttings showe<l little difference 
in the amount of moisture they contained. Considering the c0mposi-
tion of the dry matter of the hay, the earlier cut hays show the highest 
percentage of crude protein, ether extract, and ash; and the proportion 
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of these materials decreases as the plant develops. The percentage 
of crude fiber and nitrogen-free extract is smallest in the first cutting, 
increases as the plant develops, and is largest in the last cutting as 
shown in Figure 2. 
TABLE VIL-PERCENTAGE COMPOSITION OF THE TIMOTHY HAY FOR EACH YEAR 
OF TRIAL, ON w ATER FREE BASIS 
Crude Ether Crude Ash 
Nitrogen 
Trial, year, and cutting 
-free 
protein extract fiber extract 
Percent Percent Percent Per cent Percent First trial, 1896, 5 cuttings complete 
7.98 3.40 33 . 38 6.34 First cuttln~, partll in bloom, June 11. . 48 . 90 Second cutt ng, ful bloom, June 17 . . .. . 7.38 3.30 33 . 71 6.21 49 . 40 
Third cutting, seed formed, June 30 .. .. 6.66 2 . 69 34.59 5.58 50.48 Fourth cutting, seed In dough, July 7 . .. 6.49 2 .87 33 . 56 5.66 51.42 Fifth cutting, seed ripe, July 13 ... . .... 6.68 2.71 32.82 5.79 52.00 
Second trial, 1897, 5 cuttings compl!'te 
First cutting, full head June 14 . . .. .. .. 6.56 2 .63 37.49 5.52 47.80 Second cutt.ing, full bloom, June 22 . . .. . 6.56 2 . 36 35 . 27 5 . 81 50.00 Third cutting, seed formed, July 2 . . ... 6.50 2.49 39.02 5 . 07 46.98 Fourth cutting, seed in dough, July 8 . .. 5.63 2 .30 36.95 5.04 50.08 Fifth cutting, seed ripe, July 21. .. . .... 5 . 13 1.98 38. 71 4.95 49 . 23 
Third trial, 1898, 3 cuttings (First and second cuttings spoiled 
by rain) 
Third cutting, seed formed, June 28 .. .. 6 .44 2 .78 39.67 4.43 46.68 Fourth cut ting, seed in dough, July 8 .. . 6.04 3.44 37.93 4.46 48 . 14 Fifth cutting. seed ripe, July 13 .. . .... . 5 . 68 3.16 38.33 5.58 47.25 
Fourth trial, 1899, 5 cuttings complete 
First cuttln~,coming Into bloom June 12 8 . 68 3.99 32.23 7.84 47.26 Secondcutt ng, full bloom, June20 .... 8.28 3.73 32.16 7.50 48 . 35 Third cutting, seed formed, June 28 . . . . 6 . 77 2.96 34.70 6.86 48.41 Fourth cutting, seed ln'dough, July 5 . . . 6 . 70 3 .07 35.35 5.12 49 . 75 Fifth cutting, seed ripe, JUJ.y 17 ........ 5.91 2 . 39 35.14 7.21 49 . 36 
Fifth trial, 1900, 4 cuttings 
rirst cutting spoiled by rain) . 
econd cutting, full bloom, June 20 . ... 6.06 3.20 32.54 4.90 53 . 30 Third cutting, seed formed, June 28, . . . 5.69 2 .90 31.82 4.34 55.25 Fourth cutting, seed in dough, July 5 ... 4.88 2.91 33 . 67 4 . 00 54.54 Fifth cutting, seed ripe. July 12 . .. . ... . 5.69 3.71 29.34 4.11 57 . 15 
TABLE VIII.-AVERAGE PERCENTAGE COMPOSITION OF THE TIMOTHY HAY, ON WATER 
FREE BASIS 
Cuttings arid averages Crude Ether Crude Ash 
Nitrogen 
-free 
protein extract fiber extract 
Per cent Per cent Per eent Per cent Percent First cuttlnfi, average for 3 years. , .. . . . 7.74 3.34 34.37 6.57 47.99 Second cutt ng, average for 4 years .. . . 7 . 07 3.15 33.42 6.11 50.26 Third cutting, average for 5 years .. . . .. 6.41 2.76 35.96 5.24 49 . 56 Fourth cutting, average for 5 years . . . .. 5.95 2.92 35 . 49 4.86 50.79 Fifth cutting, average for 5 years ... . . . 5 . 8'2 2.79 34 .87 5.53 51.00 
Yield of total nutrients.-From the tables already given, the yield 
of total nutrients per acre is computed. Total nutrients should not be 
confused with digestible nutrients which will be discussed a little lat-
er. By total nutrients is meant the amount of crude protein, ether 
extract, crude fiber, ash, nitrogen-free extract, produced by each cut-
ting. 
Tables IX and X show that the maximum amount of crude pro-
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tein is contained in that part of the plant which is harvested for 
hay during the period extending from the time when it is in full 
bloom to the time when the bfoom is being shed. In a general way, 
this is also true for the ether extract and ash. Crude fiber and ni-
trogen-free extract reach their maximum content somewhat later or 
after the blossom has been shed and the seeds are formed, as shown 
by Figures 3-8. 
TABLE IX.-YIELD OF NuTRIENTS PER AcRE FROM DIFFERENT CuTTrnas 
Trial, year, and cutting 
First trial, 1896, 5 cuttings complete. 
First cµttlng, partly in bloom, June 11 . .. . 
Second cutting, ful[]jloom, June 17 ..... . . 
Third cutting, seed formed, Jtme 30 . .. . . . 
Fourth cutting, seed in dough, July 7 .. . . . 
Fifth cutting, seed ripe, July 13 ..... . ... . 
Second trial, 1897, 5 cuttings complet e. 
First cutting, full head, June 14 ... . ... .. . 
Second cutting, full bloom, June 22 .. . . . . . 
Third cutting, seed formed, July 2 .. . .. . . 
Fourth cutting, seed in dough, July 8 .... . 
Fifth cutting, seed ripe, July 21., ..... . . . . 
Third trial, 1898, 2 cuttings (first, stlcond 
and fifth cuttings spoiled by rain) 
Third cutting, seed formed, June 28 .... . . 
Fourth cutting, ,.e:ed in dough. July 8 .. . . . ~'ourth trial, 1899, 5 cuttings complete 
First cutting, coming into bloom. June 12 . 
Second cutting, full bloom, June 20 . .. ... . 
Third cutting, seed formed, .Tune 28 ... .. . 
Fourth cutting, seed in dough, July 5 .. . . . . 
Fifth cutting, seed ripe, July 17 .... .. ... . 
Fifth trial, 1900, 4 cuttings (first Jost on 
account of rain) 
SeconJ cutting, full bloom, June 20 
Third cutting, seed formed, June 28 . . ... . 
1''0t1rth cutting, seed in dough, July 5 .. .. . 
Fifth cutting, seed ripe, July 12 . .. . . .. . . . 
Crude : protein 
Actual 
Pounds 
228.5 
253.2 
248 .5 
234.l 
2~3.7 
264 .7 
288 .1 
278.6 
240.5 
221.3 
153.8 
149.9 
289.6 
336.7 
289 . 4 
283 . 9 
210.8 
127.4 
134.7 
96.0 
103.0 
Relative• 
Per cent 
90 . 3 
100.0 
!f8 . l 
92 .5 
88.3 
91 .9 
100.0 
96 . 7 
83.5 
76.8 
100.0 
97 . 5 
86.1 
100.0 
85.9 
84 . 3 
62 . 6 
94.6 
100 . 0 
71.3 
76.5 
Ether extract 
Actual Relatlvei 
Pounds Percent 
97.2 85 .9 
113.2 100.0 
100.4 88 . 7 
103.8 91. 7 
90.8 80.2 
106~ 1 99.4 
103.6 97 .1 
106.7 100.0 
98 .2 92.1 
85.4 80.0 
06.4 77.7 
85 .4 100.0 
133.1 87 . 7 
151.8 100 .0 
125.9 82 .9 
130 .1 85.7 
85.3 56.2 
67.3 98.0 
68.6 100.0 
57.2 83.4 
67.2 97.9 
Crude fibre Ash 
Actual Relative• Actual Relative• 
Pounds Percent Pounds Percent 
955 . 7 74.1 181.5 85.2 
1156 .1 89.6 212 .9 100.0 
1290.1 100 .0 208.2 97.8 
1210.5 93 .8 204.2 95 . 9 
1099.3 85 . 2 193.9 91.l 
1512.7 90 .5 222 . 7 87 . 3 
1548.8 92.6 255.1 100.0 
Hl72.3 100.0 214 . 7 84.2 
1578 .3 94.4 215.3 84.4 
1670.0 99.9 213 .5 83.7 
947.6 100.0 105 .8 95.6 
9'11.7 99.4 110 .7 100.0 
1075 . 4 71.8 261.2 85 .6 
1309.0 87.4 305.1 100.0 
1475 .7 98.5 291.0 95.4 
1498. 1 100. 0 217 .0 71 .1 
1259.1 84.0 256.8 84.1 
f\84.0 90.8 103 . 0 100.0 
753 .0 100.0 102. 7 99.7 
662.3 87.9 78.7 76.4 
531 . 3 70.6 74.4 73 . 2 . 
'The highest yie'.d in each case is taken as 100 per cent and the other statements of relative yield are based upon It. 
Nitrogen-
free extract 
Actual R elative• 
Pounds Per cent 
1400.2 74.4 
1694.4 \)0.0 
1882 .9 100. 0 
1851 .2 98.3 
1741.8 92.5 
1928.7 87.8 
2195.6 100 .0 
2012 .1 91.6 
2139.l 97.4 
2123.8 96 .7 
1115.0 93.3 
1195. l 100.0 
1574.5 74 .7 
1967 .8 93.3 
2058 .0 97.6 
2108.3 100.0 
1765 .0 83 . 7 
1120.4 85 .7 
1307.5 100.0 
107.2 .8 82 . l 
1034.9 79 . 2 
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TABLE x.-AvER.-\GE YIELDS OF NuTRJENTS PER AcRE 
Cuttings averaged 
Crude protein Ether ext.ract Crude fibre Ash 
Actual Relativei Actual Relativei Actual Relativei Actual Relative• 
Pounds Percent Pounds Percent Pounds Per cent Pounds Per cent. 
(a).-AVERAGE YIELDS FOR THE 3 YEARS IN 
WHICH 5 CUTTINGS WERE MADE 
First cutting, partly in bloom ............ 260.9 89.2 112.2 91 . 3 1181.3 79.9 221.8 86.1 
Second cutting, full bloom .............. 292.6 100.0 122.9 100.0 1338.0 90 . 4 257. 7 100.0 
Third cutting, seed formed ..... . ........ 272.2 93.0 111.0 90 .3 1479.4 100.0 238.0 92.3 
Fourth cutting, seed in dough .. ... . .. .. . 252.8 86.4 110 . 7 90.1 1429.0 96.6 212 . 1 82.3 
Fifth cutting, seed ripe ... ..... .. .. ... . . 218 . 6 74.7 87.2 71.0 1342 . 8 90.8 221.4 85.9 
(b).-AVERAGE YIELDS FOR THE 4 YEARS IN 
WHICH 4 CUTTINGS WERE MA.DE 
Second cutting, full bloom . .. ........ ... 251 . 3 100.0 109.0 100.0 1174 . 5 90.5 219 . 0 100.0 
Third cutting, seed formed ...... .. ...... 237 .8 94 .6 100.4 92.1 1297.8 100.0 204.2 93.2 
Fourth cutting, seed in dough ....... . . . . 213 . 6 85.0 97.4 89.3 1237.3 95.3 178.8 81.6 
Fifth cutting, seed ripe . . .... .. .. .. . . ... 189 . 7 75.5 82.2 75.4 1139 . 9 87.8 184 . 7 84.3 
(C).-AVERAGE YIELDS FOR THE 5 YEARS IN 
WHICH 2 CUTTINGS WERE MADE 
Third cutting, seed formed . . .......... , . 221.0 100.0 93.6 98.6 1227.7 100.0 184.5 100.0 
Fourth cutting, seed in dough . . .. . . . .. .. 200.9 90.9 95.0 100.0 1178.2 96.0 165.2 89.5 
1The highest yield in each case Is taken as 100 per cent and the other stat~ments of relat.lve yield are based upon it. 
Nitrogen-
free extract 
Actual Relativ 
Pounds Per cer 
1634 . 5 80.' 
1952.6 96.( 
1983 .9 97 .( 
2032 .9 100.( 
1876 .9 92.: 
1744.6 96.: 
1814.8 100.( 
1792.9 98 . l 
1666.4 91.! 
1674 .8 100.( 
1673 . 3 99.I 
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THE DIGESTIBLITY AS AFFECTED BY THE TIME OF HARVEST 
To determine the digestibility of each cutting and the quan,tity 
of nutrients contained in each, digestion trials were made with year-
ling and two-year-old steers as has already been described. Steers 
151, 152, and 157 were two and a half years old; the other six steers 
were one and a half years old. Digestion trials were carried on 
with the hays obtained in the first three years of the experiment-
1896, 1897, and 1898. 
Three digestion trials each were made with the third,. fourth, 
and fifth cuttings, using three animals in each trial. With the first 
cutting, two trials were made, using two animals in one trial and 
three animals in the other trial. With the second cutting, but one 
digestion trial was carried on, two animals being used. As the 
tables show, there was no material with which to make a digestion trial 
on the first and second cuttings of the third year of the experiment as 
these cuttings were spoiled by rain. The second cutting in 1897 was 
damaged by rain to such a degree that it was not though advisable to 
use it in a digestion trial. Values of the digestion coefficient for the 
second cutting for 1897 shown in Table XI, were obtained by locating, 
upon cross section paper, the point for the first cutting and the point 
for the third cutting of that year and connecting these values, and 
where this curve crosses the point represented by the second cutting, 
the numerical value shown was assumed to be the coefficient for the 
second cutting. The mean between this value and the value of the 
second cutting obtained in 1896 is assumed to be the true average di-
gestion coefficient for the second cutting as shown in Tables XII 
and XIII. The coefficients of digestibility actually obtained for this 
cutting in the digestion trial made in 1896 agree quite closely with 
the average values for the various constitutents obtained as above 
described with the exception of the coefficient for ether extract. 
In Tables XI, XII, and XIII the digestion coefficients obtained 
for all animals in each trial are averaged to obtain the average diges~ 
tion coefficient for that trial and the coefficients of all digestion trials 
on each cutting are averaged to obtain the average digestion coeffi-
cient for each cutting. These final average digestion coefficients are 
used in computing the yields of digestible nutrients. In making these 
averages, it is assumed that each trial is a unit of equal value with 
every other trial regardless of the number of animals used therein. 
At the time of making the digestion trial with each cutting, a sample 
of the hay fed was taken for a moisture determination in order to 
calculate the solids actually consumed in the trial. 
Clearly, the earlier cuttings were /.TIOre completed digested than 
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TABLE XL-DIGESTION CoE>'FICIENTs OBTAINED oN THE FIELD-CURED HAY 
Total 
Cuttings and averages Animals dry Crude 
m atter protein 
Per cent Per cent 
First Year of Experiment, 1896 
First cutting, p a rtly in bloom, June 11 152 60.05 62 . 88 157 57·. 10 60.52 
Average of both animals ......... 58.58 61 . 70 
Second cutting, full bloom, June 17 ... . 152 54.74 58.-92 157 54.11 57.53 
Average of both animals . . ... .... 54.43 58.23 
Third cutting, seed formed, June 30 ... 152 48 . 62 47.97 
157 50.61 46.63 
151 4.8.51 45 . 92 
Average of 3 animals .. . . . ....... 49 . 25 46 .84 
Fourth cutting, seed in dough, July 7 .. 152 48 . 72 40.44 
157 4.5.27 39 .05 
151 48.91 40.02 
Average of 3 animals .... .. . . . ... 47.63 39 . 84 
Fifth cutting, see<l ripe, July 13 ... . ... 152 51.42 49.35 
157 45 .!Jf; 43.75 
151 47.57 46.97 
Average of 3 animals ... . . ....... 48.32 46.69 
Second Y.ear of Experiment, 1897 
First cutting, in full head, June 14 . . . .. Hereford 56.29 40.45 
Black 57. 45 42.35 
Red 61.59 41 .76 
Average of 3 animals .... . .. ... . . 58.44 41.52 
Second cu tting, full bloom. June 221 ... 55 . 32 41.95 
Third cutting, seed formed, July 2 .... . Hereford 52. 14 36.47 
Black 53.98 41.34 
Red 50.45 49.30 
Average of 3 animals . . ... . .. .... 52.19 42.37 
Fourth cutting, seed in dough, July 8 .. Hereford 49 . 15 45 . 57 
Black 50.46 47.21 
Red 50 . 65 55.94 
Average of 3 animals . . .. ... . . . . . 50 .09 49.57 
Fifth cutting, seed ripe, July 21 ....... Hereford 49.20 42.44 
Black 48 .29 41.49 
Red 46.85 47.33 
Average of 3 animals .. . . . ...•.. . 48.11 43.75 
Third Year of Experiment, IB98 
T hlrd cutting, seed formed, June 28 .. . 113 45.15 33.38 
176 50.89 39 . 99 
179 48 . 34 33.68 
Average of 3 animals . _ . . .... . .. . 48 . 13 35 .68 
F ourth cutting, seed in dough, July .5 .. 113 44.33 27. 38 
176 45.76 19 .43* 
179 43.28 26.46 
Average of 3 animals ... .... . •... 44 . 46 26.92 
F ifth cut~ing, seed ripe, July 13 . . . .... 113 44.04 . 32.84 
176 46.71 37.85 
179 46.28 36.40 
Average of 3 animals . ... . . _ ... .. . 45 .68 35 . 70 
1No digestion trial. These results were obtained by interpolation. 
*Rejected. 
Ether Crude 
extract fibre 
Per c ent Per cent 
27.03 70 . 04 
25.52 66.50 
26.28 68.27 
20.69 59 .07 
22.30 57.73 
21.50 58.40 
33 .37 47 . 15 
36.25 48.29 
31.91 46.27 
33.84 47.24 
44 . 00 47 .20 
40.42 43 . 67 
45.01 47.41 
43. 14 46.09 
27.45 53.26 
27.17 47 . 71 
24.15 48.88 
26.26 49 .95 
49.59 62 .39 
50.64 63.48 
49 . 64 64.00 
49.96 63.29 
49.73 59.06 
50.24 56. 95 
49.93 55.77 
48 .31 51 . 91 
49.49 54.88 
51.56 52.33 
51.42 53.88 
52.32 52 .33 
51. 77 52.85 
49.17 54.07 
45.41 51.67 
47.23 50.29 
47 .27 52.01 
52.57 50.25 
56.65 54 . 62 
53.64 52.19 
54.29 52.35 
54 .91 47 .41 
50. 85 49.76 
49.20 46.80 
51.65 47.99. 
55.16 48 .68 
55 . 88 51..41 
55.93 51.84 
55 . 66 50.64 
23 
Ash 
Nitrogen 
-free 
extract 
Per cent P er cent 
26.70 55.29 
25.03 52 .55 
25.87 53.92 
27 . 91 55.65 
26.85 55.65 
27.38 55.65 
28.09 53 .43 
29 .70 1\5 .95 
23 . 17 54 .40 
26.99 54.59 
28.09 53.43 
28. 26 49.q6 
31.19 53.51 
29.18 52.17 
35.34 53 .08 
33.08 47.13 
34.75 4'9 .04 
34.39 49.75 
44.80 55.31 
43.09 56.81 
43.06 56.25 
43.65 56. 12 
36.64 55.18 
24 .27 53.28 
32.79 56.64 
31.79 52.81 
29.62 54.24 
36.29 48.43 
36.84 49.68 
46 .17 48.96 
39.77 49.02 
29.55 48.23 
26.77 48.87 
30.82 45.72 
29.05 47.61 
28.75 45.76 
33 . 61 50.99 
31. 70 48.85 
31.35 48.53 
28 . 57 45 . 19 
21 . 65 48 . 16 
28.77 43.79 
26 . 33 45. 71 
20.52 44.02 
20 .50 46.77 
24 . 74 45.19 
21 . 92 45 . 33 
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TABLE XII.-AVERAGE DIGESTION COEFFICIENTS OF THE 3 YEARS ARRANGED BY CUTTINGS 
DIGESTION COEFFICIENTS-AVERAGE OF ALL ANilllA.LS 
Trial No. ani-Cutting No. Year ma ls Total Nitrog"n Crude Ether Crude I Ash used dry protein extract fiber -free matter extract 
---
Per cent Per cent Per cent Percent Per Per cent 
cent 
First cutting ...... 1 1896 2 58.58 61. 70 26.28 68 . 27 25.87 53 . 92 
2 1897 3 58.44 41.52 49.96 63.29 43.65 56.12 
Average of both 
digestion trials 58.51 51.61 38 . 12 65.78 34.76 55.02 
Second cutting . . .. 1 1896 2 54.43 58.23 21.50 58 . 40 27.38 55.65 
By interpolation .. 1897 55.32 41 . 95 49 . 73 59 . 06 36.64 55 . 18 
Average for second 
35 . 62 cutting 54.88 50 . 09 58.73 32.01 55.42 
Third cutting ..... 1 1896 3 49.25 46.84 33.84 47.24 26.99 54 . 59 
2 1897 3 52.19 42.37 49.49 54.88 29.62 54.24 
3 1898 3 48.13 35.68 54.29 52 . 35 31.35 48.53 
Average of 3 trials . 49.8(1 41.63 45.87 51.49 29.32 52.45 
Fourth cutting .. .. 1 1896 3 47.63 39 .84 43.14 46 . 09 29.18 52.17 
2 1897 3 50 . 09 49.57 51. 77 52.85 39.77 49.02 
3 1898 3 44.46 26 . 92 51.65 47 .99 26.33 45.71 
Average of 3 trials . 47.39 38. 78 48.85 48.98 31.76 48.97 
Fifth cutting • • . .. 1 1896 3 48.32 46.69 26 .26 49 .95 34.39 49.75 
2 1897 3 48.11 43.75 47.27 52.01 29 .05 47.61 
3 1898 3 45.68 35 . 70 55.66 50. 64 21 . 92 45 . 33 
Average of 3 trials 47.37 42 . 05 43 .06 50 . 87 28.45 47.56 
TABLE XIII.-Sull!MARY AVERAGE D.IGESTION COEFFICIENTS OF ALL TRIALS 
Digestion caefll.cients 
Cutting Trials made Total Nitrogen 
dry Protein Ether Crude Ash -free 
matter extract fiber extract 
- Per cent P er cent Per cent Per cent Per cent Per cent 
First cuttinf:· partlf in bloom 2 58.51 51.61 38.12 65.78 34.76 55 . 02 
Second cutt ng, ful bloom . .. 54.88 50.09 35.62 58.73 32 . 01 55.42 
Third cutting, seed formed . . 3 49.86 41.63 45.87 51.49 29.32 52.45 
Fourth cutting, seed in dough 3 47 .39 38.78 48 .85 48.98 31.76 48 . 97 
Fifth cutting, seed ripe ... .. 3 47.37 42.05 43.06 50.87 28.45 47.56 
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were the later ones. There was an invariable decline in the digestibility 
of the hays from the first to the last cutting. Figures 9-15 show these 
variations. In total dry matter, there was a steady decline in digesti-
bility from the first to the fourth cutting, after which there was no 
change. The digestibility of the crude protein decliited from the first 
cutting to the fourth. The digestibility of the crude fiber showed a 
steady and uniform decline thru the fourth cutting, after which there 
was little change. The nitrogen-free extract showed no change be-
tween the first and second cuttings, but a sharp decline for the third 
and fourth cuttings, and a slight decline when the fifth cutting was 
used. The et·her extract shows a tendency to become more digesti-
ble up to the fourth cutting, after which the value declines sharply. 
The digestion coefficient of the ether extract fluctuates from the first 
to the last cutting in each year of the trial. The explanation seems 
to be that the ether extract in the first cuttings consists largely of 
chlorophyl which is not easily digested ; in the later cuttings, however, 
the extracted substance is largely essential oil which is readily di-
gested. The same tendency to flucttiate is seen in Tables IX and X. 
It is also observed in the tables of Part II of this study, in con-
nection with which further discussion of the matter may be found. 
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The percentage of digestible nutrients.-If we multiply the per-
centage of nutrients (Tables VII and VIII) by the average diges-
tion coefficients (Table XIII), we obtain the percentage of digestible 
nutrients contrained in each cutting of hay (Tables XIV and XV). 
Applying these digestion coefficients to the tables of yield of nu-
trients per acre (Tables IX and X), we may compute the yield of di-
gestible nutrients per acre, which is shown in Tables XVI and XVII. 
TABLE XIV.-PERCENTAGEB OF DIGESTIBLE NUTRIENTS IN TIMOTHY HAY FOR EACH 
YEAR OF TRIAL, ON w ATER FREE BASIS 
Ether Ash 
Nitrogen 
Trial, year, and cutting Crude Crude -free 
protein extract fiber extract 
--Per cent Percent Percent Per cent Percent 
First trial, 1S96, 5 cuttings, complete 
First cutting, partly in bloom, June 11 . 4.12 1.30 21.96 2 . 20 26 . 90 
Second cutting, full bloom, June 17 ... 3 . 70 1.18 19.80 1.99 27 .3S 
Third cutting, seed formed, June 30 ... 2.77 1.23 17.81 1.64 26.48 
Fourth cutting, seed in dough, July 7 .. 2.52 1.40 16.44 1.80 25.18 
Fifth cutting, seed ripe, July 13 ....... 2.81 1.17 16.70 1.65 24.73 
Second triaJ, 1897, 5 cuttings complete 
First cuttinf?". full head, June 14 ....... 3.39 1.00 24.66 1.92 26.30 
Second cuttmg, full bloom, June 22 .... 3 . 29 0.84 20.71 1.86 27 71 
Third cutting, seed formed, July 2 .... 2 .71 1.14 20.09 1.47 24.64 
Fourth cutting, seed!in dough, July 8 . . 2.18 1.12 18.10 1.60 24.52 
Fifth cutting, seed ripe, July 21 . ...... 2 . 16 0.85 19.69 1.41 23.41 
Third trial, 1898, 3 cuttings (first and 
second spoiled by rain) 
Third cutting, seed formed, June 28 .... 2 .68 1.28 20.43 1.30 24.48 Fourth cutting, seed in dough, July 8 .. 2.34 1.68 18.58 1.42 23.57 
Fifth cutting, seed ripe, July 13 ...... 2.39 L36 19.50 1.59 22.47 
Fourth trial, 1899, 5 cuttings complete 
First cuttinf?",coming into bloom.June 12 4.48 1.52 21.20 2 . 73 26.00 Second cuttmg, full bloom, June 20 . . .. 4.15 1.33 18 .88 2.40 26.80 
, Third cutting, seed formed, June 28 .... 2.82 1.36 17.87 2.01 25.39 
Fourth cutting, seed in dough, July 5 .. 2 . 60 1.50 17 . 31 1.63 24. 36 
Fifth cutting, seed ripe, July 17 . ..... . 2.49 1.03 17.88 2 . 05 23.48 
Fifth trial, 1900, 4 cuttings (first spoiled by 
rain) 
Second cutting, full bloom, June 20 . . . . 3.04 1.14 19.11 1.57 29 . 54 
Third cutting, seed formed, June 28 .... 2 .37 1.33 16 .38 1.27 28 . 98 Fourth cutting, seed in dough, July 5 . . 1.89 1.42 16.49 1.27 26.71 Fifth cutting, seed ripe, July 12 ... . .. . 2 . 39 1.60 14.93 1.17 27. 18 
TABLE XV.-AVERAGE PERCENTAGES OF DIGESTIBLE NUTRIENTS INT1MOTHY HAY, ON 
WATER Fa.EE BASIS 
Cuttings and averages Crude Ether 
Nitrogen 
Crude Ash -free 
protein extract fiber extract 
Percent Percent Per cent Percent Percent 
First cutting, average for 3 years ...... . . . . . 3.99 1.27 22.61 2.28 26.41 Second cutting, average for 4 years ......... 3.55 1.12 19.62 1.96 27.86 Third cutting, average for 5 years ......... . 2.67 1.27 18.52 1.54 25.99 Fourth cutting, average for 5 years ... . . . .. . 2.31 1.43 17.38 1.54 24.87 Fifth cutting, average for 5 years .. ... . . .. . . 2.45 1.20 17.74 1.57 24 . 26 
Tables XIV and XV show that the early-cut timothy hay has 
the highest percentage of digestible material. Even the nitrogen-free 
extract, which increases in both percentage and yield per acre as the 
hay matures, · shows a steady decline in percentage of digestible ma-
terial as maturing proceeds. (Figure 16). 
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TABLE xvI.-x n:Ln oF DrnEsTrnLE N uTRIENTs PER AcRE FROM D1FFEBENT Cu=rnc~ 
Dry matter Crude protein Ether extract Crude fiber 
Trial, year, and cutting Actual Relative• Actual Relative• Actual Relative• Actual Relative• 
-------
---
-------- --
Pounds Percent Pounds Percent Pounds Per cent Pounds Per cent 
Finst trial, 1896, 5 cuttings complete 
First cut tint::, partly In bloom .. ... .. .... 1675.4 89 .0 117.9 92 .9 37 .1 73 .1 628.7 92 .6 
Second cuttmg, full bloom .. ...... .. ... . 1882.3 100 .0 126.8 100.0 40.3 79.4 679 . 0 100.0 
Third cutting, seed formed ............ 1860.0 98.8 103 .5 81.6 46 .1 90.8 664 . 3 97.8 
Fourth cutting, seed in dough ........... 1708.7 90.7 90.8 71.6 .50.7 100 .0 592.9 87 .3 
Flfth cutting, seed ripe .. , .. .... ........ 1586.5 84.3 94.1 74.2 39 . 1 77.l 559.2 82 .3 
Second trial, 1897, 5 cuttings compfote 
First cuttini::. full head .. ....... .. .. . ... 12360. 81 97 . 91136.61 94.6 I 40.51 82.6 1 995.11 100.0 Second cuttmg, full bloom . . ......... . . . 2409. 9 100.0 144.3 100.0 36.9 75 .5 909.6 91.4 Third cutting, seed formed . . .... ....... 2136. 9 88.7 116 .0 80.4 48 .9 100.0 861.1 86.5 Fourth cutting, seed in dough ....... .... 2024.2 83.9 93.3 64.6 48.0 98.0 773 . 1 77 .7 Fifth cutting, seed ripe ... .. . . . ..... ... 2043 . 5 84.8 93. 1 64.5 36.8 75 .1 849 .5 85 .3 
Third trial, 1898, 2 cuttings (first, second and 
fifth spoiled by ra.in) 
100.0 Third cutting, seed formed . .... .. ... . • 11191. 01 100 .0 I 64.01 100.0 I 30 .51 73.0 1 487 .91 Fourth cutting, seed in dough .... . .... . . 1176.5 98.8 58 . 2 90 .8 41. 7 100.0 461.2 94 .5 
!fourth trial, 1899, 5 cuttings complete ........ 
First cuttini::-. coming in bloom ... ... . ... 1950.8 87.3 149.5 88.6 50 .8 79.9 1 707.41 92.0 Second cuttmg, full bloom .. . .. ..... . . . . 2233.8 100.0 168.6 100.0 54. 1 85.0 768.8 100.0 Third cutting, seed formed . ....... . .. . . 2119.7 94. 8 120.5 71.5 57.7 90.8 759.8 98.8 
Fourth cutting, seed in dough . . ...... ... 2008.3 89.9 110.1 65 .3 63 .6 100.0 733.8 95.4 
Fifth cutting, seed ripe ... . .. . ..... . .. . . 1694.5 75.8 88.6 52.5 36.7 57 .8 640.5 83 .3 
Fifth trial, 1900, 4 cuttings (first lost on 
account of rain) 
Second cutting, full bloom . . ....... . . . . · 11153. 61 97 .71 63.81 100 .0 I 23 .91 75.9 1 401.71 100 .0 Third cutting, seed formed. . . . . . . . . . . . . 1179 . 9 100.0 56.0 87.7 31.5 100.0 387 .7 96 .5 
Fourth cutting, seed in dough . . .. .. ·. . . . . 932. 2 79.0 37 .2 58.3 28.0 88.8 324.4 80.7 Fifth cutting, seed ripe. . . . . . . . . . . . . . . . . 857. 8 72 .7 43.3 67 .8 28.9 91.9 270.3 67.3 
•The highest yield in each case is taken as 100 per cent and the other statements of relative yield arc based upon it. 
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TABLE XVII.-AVERAGE YIELDS OF DIGESTIBLE N UTRIENTB PER ACRE 
Cuttings avera.ged Dry matter Crude prot~in Eth er extract Crude fiber Ash 
(a) 
Actual\ Relative• Actual Relative• Actual Relative• Actual Relative1 Actual •Relative 
Pounds Percent Pounds Per cent Pounds Per cent Pounds Percent Pounds Percent 
Average yields for the 3 years in which 5 
cuttings were made 
First cutting. partly in bloom ........... 1995. 7 91. 7 134 . 7 91.9 42.8 79.1 777 .0 98".9 77 .1 93.4 
Second cutting, full bloom . . • ........... 2175.3 100.0 146 . 5 100.0 43.8 80.9 785 . 7 100.0 82 . 5 100 . 0 
Third cutting, seed formed . . ........... 2038.8 93.7 113.3 77.3 50.9 94 . 1 761.7 96.9 69.8 84.6 
Fourth cutting, seed in dough ........... 1913.7 87.9 98.0 66.9 54.1 100.0 699.9 89.1 67.4 81. 7 
Fifth cutting, seed ripe ................ 1774.8 81.6 91.9 62 . 7 37 . 5 69.4 683.1 86.9 63.0 76.3 
A v er31e yields for the four years in 
which cuttings were made ..•.•...... . 
Second cutting, full bloom ....•........ 1919.9 100.0 125.8 100.0 38.8 81.5 689.8 100.0 70.1 100.0 
Third cutting, seed formed . ............ 1824.1 95.0 99.0 78.7 46 . 1 96.8 668.2 96.8 59 . 9 85.4 
Fourth cutting, seed In dough ....... . . .. 1668.3 86 . 9 82.8 65.8 47.6 100.0 606.0 87.8 56 . 8 81.0 
Fifth cutting, seed ripe . .... . ........... 1545 . 6 80 . 5 79.8 63.4 35.4 74.4 579 . 9 83.9 52.5 74.9 
b) 
Average yields for the 5 years in which . 
2 cuttings were made 
Third cutting, seed formed ..... , .•.•... 1697.5 100.0 92.0 100.0 42.9 92.5 632.2 100.0 54 . 1 100.0 
Fourth cutting, seed In dough .......... . 1570.0 92.5 77.9 84.7 46.4 100.0 577 . 1 91.3 52.5 97.0 
(c) 
>The highest yield in each case is taken as 100 per cent and the other statements of relative yield are based upon it. 
Nitrogen-free 
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Actual Relative' 
Pounds Per cent 
899.3 83 .1 
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With respect to the yield of digestible matter per acre, Table XVII 
shows that the crop had Feached its maximum worth on a date ap-
proximating June 20 in the vicinity of Columbia, Missouri. That is 
to say, the optimum yields of digestible dry matter, digestible protein, 
digestible crude fiber, digestible ash, and digestible nitrogen-free ex-
tract were obtained from the second cutting, when the plant was in 
full bloom. The plant had not reached its optimum in digestible ether 
extract until the fourth cutting was made . 
The fifth cutting, when the seed was ripe but not shattered, 
yielded scarcely more than eight-tenths as much digestible dry mat-
ter as the second cutting, when the plants were in full bloom. In this 
ripe stage, it yielded less than two-thirds as much digestible protein, 
approximately eight-tenths as much digestible nitrogen-free extract, 
and less than nine-tenths as much digestible fiber as when the plants 
were in full bloom. From the standpoint of the yield of digestible 
nutrients, or considering only the value of the hay as a feed, the 
best time in which to harvest timothy is when the plants are in full 
bloom. The graphic representation of these results in Figures 1 and 
17 show these facts in a "striking manner. 
LOSS OF DRY MATTER AT MATURITY 
The yields obtained from the different cuttings show an unmis-
takable loss in dry matter, beginning apparently at the time when 
the seed begins to mature. This is strikingly shown when the re-
sults are plotted as in Figure 1. This is so much atvariancewith all 
the results of similar studies on other plants that it was at first regarded 
as impossible. The consistency with which succeeding experiments 
showed this loss confirmed our conclusion that a change was taking 
place there which, after the plant had reached a certain stage of de-
velopment, had the effect of reducing the amount of dry matter con-
tained in that portion of the plant which is harvested for hay. A care-
ful study of the matter indicates that there are several causes for this 
loss of dry matter. One is the physical loss due to the shedding of 
the leaves, particularly on the power portion of the stems, these being 
beaten down by the rains and left among the stubble at harvest. Le-
Clerc and Breazeale2 have shown that there is a material loss on ac-
count of the s~lvent action of the rains. Our studies indicate that 
there is a transposition of material from leaf and stem to the bulb as 
well as to the seed, and that this transposition is most active during 
•Le Clerc, J. A. and Breazeale, J. F. Plant food removed from growing plants by rain or dew. 
U. S. Dept. Agr. Yearbook, 1908. 389-402. 
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the period when the seed is passing from the milk stage to maturity. 
In other words, there is a double transposition of material, part to be 
stored in the seed and part in the bulb. Both the seed. and the bulb 
are important factors in the process of reproduction of the timothy 
plant, as will be shown later in this discussion. 
In the case of a true annual, like wheat or corn, there is a marked 
concentration of material in the grain as the plant approaches ma-
turity. In a plant like the patato, there is a marked concentration of 
material in the tuber. In the timothy, our results show that there is 
probably twice the amount of dry matter stored in the bulbs as is stored 
in the seed in an ordinary season. Therefore, the leaves and stems 
of the plant are partly emptied, so to speak, of their crude protein, ni-
trogen-free extract, and ether extract after the time of blossoming. 
This accounts in part for the loss of dry matter, shown in these parts 
of the plant after the blossoming period. 
PALATABILITY AFFECTED BY TIME OF CUTTING 
The notion has been somewhat prevalent in the middle west that 
late cut hays are more palatable than those from immature plants and 
that if cattle, horses, or sheep are given the opportunity to choose 
among the different cuttings, they will prefer hay from the more 
mature plants or from the later cuttings. 
To settle this question, 100 pounds each of the different cuttings 
was put into a feed rack, each cutting being placed in a separate com-
partment and two yearling steers that were receiving no other feed 
were allowed free access to the hays in the rack. In this way, the 
cattle had the opportunity to show which hay they preferred, or 
in what way and to what degree the time of harvest of hay affected 
its palatability. Only two animals were used in order to avoid the 
possibility of crowding .and of allowing the stronger animals tp 
force the weaker ones away from the hay they preferred and to 
compel them to eat hay that they might have discriminated against 
had they been free to make their own choice. This experiment was 
carried thru two years, all of the cuttings having been harvested and 
cured without rain and stored in a barn nntil required for the trial. 
Each trial was conducted in duplicate. 
Yearli:ng steers prefer early-cut hay.-Figures 18, 19, and 20 illus-
trate the method of making the test and also show in a striking way 
the results obtained in the first year, 1900, when using the cuttings 
made in 1899. The foll rack is pictured in Figure 18, and the same 
3 
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rack is shown at the close of the experiment in Figure 19 with all the 
hay consumed except the last which was almost untouched. Some 
of the hay of the fourth cutting was yet uneaten. Figure 20 illus-
trates the rack in the course of another palatability trial of the same 
year, the hay being purposely placed in the rack in the reverse order to 
that of the first trial. This photograph was taken at a time when the 
steers had nearly finished eating the first cutting. A small amount 
of the second and third cuttings had been eaten, but the hays of the 
fourth and fifth cuttings had not been touched. Figures 21 and 22 
represent the trial made in 1901 upon the hay harvested in 1900. The 
preference of steers for hay of the first three cuttings over those of 
the last two is strikingly shown in Figure 22. 
As a result of these palatability trials, it is clear that the order of 
preference was the same as the order in which the hay was cut. The 
cattle did not always consume all of the first cutting before begin-
ning on the second, and, indeed, it often happened that they would eat 
considerable of the second and a little of the third cutting before all 
of the first cutting was consumed (Figure 20). In every instance, 
hoV\:'.ever, the steers ate all of the first three cuttings before they be-
gan to eat either of the last two. Di1ring the time when the steers were 
consuming the earlier-cut hay, their dropping were soft and in de-
cided contrast with the dry and hard droppings so characteristic of cat-
tle that are being fed on late-cut timothy hay. 
Dairy cows prefer early-cut hay.-When milk cows, fed liberally 
on grain and silage, were given an opportunity to choose among the 
hays from the several cuttings they did not show so decided a prefer-
ence for the very early cuttings as did steers that were subsisting 
entirely upon timothy hay. For example, when two Jersey cows in 
full flow of milk, receiving a rather liberal ration of grain and hav-
ing all of the corn silage they would eat, were allowed the run dur-
ing the day of a rack filled with the different cuttings, they ate one 
of the first three cuttings with apparently as much relish as another. 
They discriminated, however, in every case, sharply against the last 
two cuttings and ate all of the hay of the three earlier cuttings b·e-
fore beginning on that of the later cuttings. 
Full-fed sheep indicated no preference.-Fat wethers that were re-
ceiving all the mixed grain they would eat, when given access to a 
rack containing the hays cut at different dates, . ate one with apparently 
as much relish as another (Figure 23) . 
FIG. 18.-CUTTINGS OF 1899 READY FOR FIRST PALATABILITY TRIAL 
A.-Cut June 12-just coming into blossom; B.-Cut June 20-in full bloom; C.-Cut June 28-seed just formed; D 
-Cut July 5-seed in dough; 
FIG.19.-CUTTINGS OF 1899 AT CLOSE OF FIRST PALATABILITY TRIAL 
A.- Cut June 12-just coming into blossom; B.-Cut June 20-in full bloom; C.-Cut June 28-seed just formed; D 
-Cut July 5- seed in dough; E.-Cut July 17- seed fully ripe. 
FIG. 20.-CUTTINGS OF 1899 AT CLOSE OF SECOND PALATABILITY TRIAL 
A.-Cut July 17-seed fully ripe; B.-Cut July 5--"-seed in dough; C.-Cut June 28-seed just formed; D.-Cut June 20-
in full bloom; E.-Cut June 12-just coming into blossom . 
. In this trial the position of the vartous cuttings in the racks was purposely reversed. 
FIG. 21.-CUTTINGS OF 1900 READY FOR PALATABILITY TRIAL 
A.-Cut June 20-in full blossom; B.-Cut June 28-seed just formed; C.- Cut July 5- seed in dough ; D.- Cut July 
12-seed fully ripe; 
FIG. 22.-CUTTINGS OF 1900 AT CLOSE OF PALATABILITY TRIAL 
A.-Cut June 20-in full blossom; B.-Cut June .28-seed just formed; C.-Cut July 5-seed in dough; D.-Cut July 
12-seed fully ripe. 
FIG. 23.- CUT'rINGS OF 1899 A'r CLOSE OF P.t\LATABILITY TRIAL WITH SHEEP 
A.-Cut June 12-just coming into blossom; B.-Cut June 20-in full bloom; C.-Cut June 28-seed just formed; D. 
-Cut July 5-seed in dough; E-Cut July 17-··seed fully ripe. 
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THE CONVENIENCE OF HARVESTING 
So far as we have considered the matter, the results are strikingly 
in favor of the earlier cuttings-the yields were larger and the hay 
was more completely digested and more palatable to the animals to 
which it was feel. In the matter of convenience of harvesting, how-
ever, the balance tips heavily the other way. The greener the grass 
Figure 24. 
is when it is cut, the greater the length of time required to cure it, 
the more easily it is damaged by showers and clews in the process of 
curing and the more readily it will sunburn. Moreover, in the early 
part of the season the weather is less settled, the ground contains 
more moisture, and the conditions are not so favorable for hay mak-
ing as they are later. 
42 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN 19 
The Weather Bureau records for a number of years, showing the 
probability of rain on each day of the haying season for five points 
in Northern Missouri and including Columbia, sustain this statement. 
Taking the days on which the different cuttings were made as the 
basis of a summary, the average probability of rainfall fo_r this and 
the two succeeding days for north l'v1issouri is as follows: June 12, 
27 per cent; June 20, 43 per cent; July 1, 34 per cent; July 8, 28 
per cent; and July 16, 28 per cent. 
The total rainfall and probability of rainfall for June and July 
for Columbia and Mexico stations, for periods of seventeen and 
thirty years respectively, are shown in Figures 24 and 25. It will be 
observnd that in rnnformity with the statements of .average rain proba-
F'igure cc5. 
bility given in the preceding paragraph, these charts show a low rain 
probability for a point just before the middle · of June and before 
and following the middle of July. Altho these charts seem to show 
in most cases a low probability of rainfall accompanying a low value 
for total rainfall, it need not necessarily follow that this is always 
true, for a high rainfall probability on any day would be the result 
if many light showers had occurred on this date during the making 
of this record. 
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The most convenient time for harvesting'.-Unfortunately it is not 
feasible, generally speaking, for the com-belt farmer to harvest his 
timothy as early as June 20, vvhen, according to our results, he would 
obtain the largest yield of digestible dry matter in the hay crop. 
About this date, he is in the midst of wheat or clover harvest and it 
is also imperative that his corn be cultivated just at this time. Hay is 
a comparatively cheap product and it is not profitable, on the average 
farm, to allow its harvest seriously to interfere with the necessary 
cultivation of the corn or to delay the hatvesting of wheat or 
clover. To neglect these more important and more profitable crops 
to add even substantially to the value of the timothy crop would in-
volve a loss which would more than offset the gain. This single factor 
has probably been more effective in fixing the hay-making time in 
the Middle West than all others combined. 
The farmers of the New England and other Atlantic states, who 
grow relatively more timothy and less corn, usually have the labor 
situation under such control that they are able to harvest their timo-
thy when it should be harvested without seriously neglecting their 
other crops. Moreover, with them hay is usually a cash crop and 
the Eastern markets are discriminating enough to justify the farmers 
to harvest as nearly. at the right time as possible. Thus it has come 
about that the New England and Atlantic states farmers make hay 
a more ,important part of their business and make a better grade of 
hay than the farmers of the corn belt who have what is to them more 
important business than cutting timothy at a time when it would make 
choice hay. These facts, in the main, account for the differences in 
practice between the East and the West with respect to time of cut-
ting timothy for hay. The Eastern farmer has followed the practice 
of early cutting; the Western farmer of late cutting. Both practices 
are rational for their respective communities. 
THE PERMANENCE OF THE STAND 
Many influences affect the · stand of timothy. Among the most 
important are the character of the growing season; the character of 
the previous season, the stage of maturity of the plants when the 
crop is harvested, and the management of the meadow from harvest 
until the end of the growing season. The last-named factor has re-
ceived very little systematic study, altho it is of very great im-
portance. 
· It is the consensus of opinion among the observant farmers of 
the Middle vVest that early cutting materially shortens the life of 
the meadow, the stand soon becoming thin and the plants so weak that 
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they start slowly in the spring, make a poor growth, and are soon 
overrun with weeds. This has led to the practice of deliberately al-
lowing the plants to become fully mature before they are harvested so 
that the seed may be shattered from the ripe heads at harvest time and 
thus reseed the meadow. It is 'believed that by this means it is pos-
sible to maintain a good stand of vigorous plants almost indefinitely. 
Middle Western farmers are of the opinion that the timothy plant 
· is short lived and that unless this constant reseeding occurs, the stand 
of timothy will soon be replaced by blue grass, red top, or weeds. 
The plant physiologist has questioned the accuracy of the farmers' 
conclusions that early cutting tends to weaken the timothy plant and 
to shorten its life. He bases his opinion on the well-established prin-
ciple that the process of seed making greatly taxes the vitality of the 
plant iJ-nd sparing the plant this tax by cutting it before the seeds are 
developed will prolong instead of shorten the life of the plant. 
Nevertheless, the observation that early cutting thins the stand, 
and that this thinning process is avoided by allowing the plants to ma-
ture, is correct. The explanation offered by the corn-belt farmer, how-
ever,-reseeding thru shattering the ripened seed-is, in the main, 
incotrect. The thick, vigorous stand following late cutting does 
not result from the new plants that have sprung from seed left on 
the land at the time of harvest, but from the new plants which 
have come from the perfectly developed and well-filled bulbs at the 
base of the old timothy plants. It is from these bulbs that new plants 
for the next year's stand come. The bulbs reach their full develop-
ment only when the plants are allowed to become mature before be-
ing harvested. New plants from undeveloped bulbs are few. They 
have a late start in the spring and make a slow and weak growth. 
Plants from well-developed and fully matured bulbs are numerous. 
They start early in the spring and grow vigorously, making a thick 
s.tand. 
Our studies indicate that the period of greatest development of 
these bulbs and of the most rapid storage of plant food in them is 
between the time when the plants are just headed and when they are 
fully ripe. 
If the plant is cut early, as when in blossom, the bulb is not well 
stored with food, and is in poor condition to withstand a severe drought 
or exposure to the heat of summer or to the vicissitudes of winter. 
Our observations indicate that many of the bulbs from plants har-
vested early die before the growing season begins the following year. 
Allow the plants to mature and they will have large, well-filled, 
and well-matured bulbs which, like a well-ripened onion, will have 
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a natural resting period. After this resting period, if conditions in 
the fall are favorable, or in the spring if the fall conditions are unfa-
vorable, they will send up from one to four and in exceptional cases 
even five or six vigorous shoots. These shoots grow in height rapidly 
at the expense of the stored food in the .old bulb. In the spring by 
the time the weather and soil conditions are favorable for the growth 
of the plants, they have grown their own roots and each begins to de-
velop a separate and independent plant and to form its own bulb for 
reproduction the following season. 
It is obvious that if each bulb produces as many as two new 
plants the following year, we should soon have an excessively thick 
stand, but in actual practice even under the best management many of 
the plants die between harvest and the beginning of growth the fol-
lowing spring so that only a reasonable stand is maintained. Of 
course, if a stand is entirely killed out in large patches, it will not be 
filled in again by the multiplying process from the bulb and the only 
way to remedy this defect is to sow fresh seed in the vacant places. 
Thus, the farmer of the Middle West has found that early cut-
ting shortens the life of his stand of timothy. He usually wishes to 
maintain such a stand for a number of years, therefore he avoids 
the injury caused by early cutting by harvesting his timothy later. 
The reason why the Eastern farmer has not found early cutting 
injurious to his stand is not difficult to find. He usually follows a 
rotation in which timothy has a place for only one or two years. If 
for two years, it is principally clover with an admixture of timothy 
the first year and principally timothy with an admixture of clover 
the second year. Thus, the timothy immediately follows clover and 
has the most favorable place in the rotation. Moreover, the rain-
fall is more ample and falls more opportunely in the season following 
hay making in the Atlantic states than in the com-belt states. The 
effect of this in many seasons is to stimulate a second growth of tim-
othy and to prodi.tce a good aftermath. In the Atlantic states, this 
second growth is permitted to become as nearly mature as the length 
of the season will permit, when it is usually cut for hay. The sec-
ond growth accomplishes, to a degree at least, what the first growth 
would have accomplished if it had 11ot been harvested so early, namely: 
the elaboration and storage of food material in the bulbs with which to 
carry the plant's thru the winter and start them off early and vigorously 
in the spring. 
If the Eastern farmer, instead of allowing the aftermath to be-
come as mature as the season wUl allow, pastured it closely and early, 
as the corn-belt farmer is likely to do in the occasional season when 
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timothy make a good second growth, the second growth instead of 
helping to sustain the vigor of the plants would be the means of still 
further exhausting the plants. Early growth in the timothy plant is 
made at the expense of the food stored in the bulb, just as new growth 
m blue grass is at the expense of the food material stored previously 
in the thick root stocks. To graze either of these grasses closely im-
mediately following the petiod when this new gr:owth has emptied 
the bulbs or root stocks and before the leaves produced chiefly at 
the expense of the stored food have had the opportunity to elaborate 
new food is to do that which will be most harmful to the plants and 
to the stand. It is also true that the immature grass contains com-
paratively little substance and is therefore not very helpful to the ani-
mals which consume it. To be of the greatest value to the animals 
which feed upon the grass either as hay or as pasturage, it should 
be permitted to become reason;i.bly mature. Pasturing timothy, when 
judiciously done, is not especially injurious to the. stand, but to pas-
ture it when the growth is young and immature, whether in the spring 
when the growth has ju§t started or in the summer when the second 
growth has just begun, is very hurtful. Of course, too close grazing 
at any time is hurtful as is grazing when the land is soft. 
Early cutting tends to stimulate second growth because the plant 
has been denied the opportunity to reproduce itself by forming seeds 
and the storing of its bulbs with food. Plants that have matured 
seed and filled their bulbs have performed their natural function for 
the season and like onions, beets, or potatoes, have a natural rest 
period. Until the end of this resting period, such plants are not 
easily stimulated into a second growth. 
It is also true that weather conditions are likely to be more fa-
vorable for starting a second growth following early cutting than 
following a later hay harvest. But to use this tendency to produce 
a second growth as a means of still further exhausting the plant and 
weakening the stand is not good farm practice. For example, assume 
that the first cutting was made at the beginning of the blossoming 
period qr before much food material has been stored in the bulbs, and 
assume that a second growth has been stimulated by rain. The bulbs 
are exhausted to an unusual degree by having had to support two 
growths without the opportunity of fully repairing the loss thus sus-
tained. It is true that soon after the growth becomes well established 
either in the spring or fall some material is stored, but the bulbs are 
not by any means fully repaid for their loss until the plant ripens its 
seed, or until the process of reproduction has been completed. This 
is especially true of the first growth, or the main crop. 
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It is possible and the author believes it is altogether probable, 
that such plants as timothy and blue grass store food in their un-
derground parts at a much earlier stage of development in the au-
tumn than in summer or in the secondary than in the primary growth 
period. There is little effort at the production of seed in the sec-
ondary growth period. Leaves are abundant and highly developed and 
a part of the food elaborated by the leaves is early transferred fo 
the bulbs or underground stocks. It is a matter of common observa-
tion that, other conditions being equal, the stand and growth of tim-
othy: and blue grass are highly satisfactory following ari autumn in 
whiCh there has been ample growth of leaves of the plants, provided 
these leaves have not been prevented from fulfilling their function of 
storing . food in the underground parts, either by early and close graz-
ing or by an early hard freeze. It is also a matter of general exp·eri~ 
ence that the stand is poor and the growth is· weak following an au-
tumn in which the plants have been stimulated into a second growth 
!ate in the season, especially if this second growth is closely grazed 
from 'the beginning or is killed by freezing~weather when the plants 
are young. 
HOW THE TIMOTHY PLANT REPRODUCES 
Reference has already been made to the common notion among 
farmers that the stand in a timothy meadow is usually maintained 
by the process of natural reseeding. \Ve have been in the habit 
of regarding timothy as a comparatively short lived perennial re-
quiring one or two years to reach its full growth and having a period 
of maximum activity and efficiency, which might be regarded as the 
prime of life, followed by a period of decline, comparable to the period 
of old age in animals, ending finally in death. This is in no sense a 
.correct outline of the life history of the timothy plant. It is com-
pletely regenerated each year. The new timothy plant which ap-
pears in the spring has developed from the bulb produced the previ-
ous season just as the potato plant which springs up this year is the 
offspring of a tuber produced last season. 
The seed is, therefore, not the sole nor even the principal means 
of reproduction of the timothy plant. Eliminate the service the bulb 
renders in timothy production and we would discard the plant as 
"':'Orthless for agricultural purposes because of the difficulty of main-
taining a stand. In the case of timothy and blue grass as well ·as 
9£ other perennial plants of similar character, more reliance must 
b_e placed in the bulbs and root stocks in perpetuating the life of the 
stand than in the seed. There must be material stored somewhere in 
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all perennial plants to maintain the life of the plant during the rest-
ing period and to start the growth off the next season. 
In Figure 26, wheat and timothy plants are shown to illustrate 
the difference in the root systems of the two plants. \Vheat as an 
annual must concentrate all its energies of reproduction upon the 
FIG. 26.-THE. UNDERGROUND SYSTEMS OF THE WHEAT AND 
TIMOTHY PLANTS 
The wheat plant, unlilrn the timothy, concentrates all of its energy upon 
the development of the seed and stores no plant food underground. 
grain. Timothy, the perennial, depends in part upon its bulb for 
the perpetuation of its species. Wheat has no occasion to store any 
material in its roots and uses only such material in building its roots 
as will insure their normal activities. The same may be said of the 
requirements for the stalks, leaves, and chaff of the wheat. In the 
germ in the kernel of the wheat is concentrated the future of the 
plant and upon its perfection and maximum development everything 
is centered up to the full maturity and to the death of the plant. 
·A systematic study has been made of the changes that occur in 
the timothy bulb. Seed was sown in the fall of 1908 and in the 
spring of .1909 the whole plant was gathered, the roots washed free 
from dirt and photographs made. Figure 27 illustrates how the 
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bulbs increase in size as the plant begins to head. The root system 
also enlarges, the rootlets becoming longer and increasing in number. 
At an early date in the spring shoots, usually a pair, spring from the 
base of the bulb (Figure 28). · The relation between the stage of de-
velopment of the shoot and the stage of development of the head 
on the main stalk from the bulb is seen in Figure 29. Other shoots 
may appear either in the angle between the new shoot and the old 
bulb or more generally in the other quadrant, forming thereby a whorl 
with the original stalk as a center, as is shown in Figure 28. If 
the stand is thin and the weather conditions are yet favorable for 
FIG. 27.-INCREASE IN SIZE OF TIMOTHY BULBS 
a.-Bulbs about fifteen or twenty days before shooting stage of plants-
medium size; b.-Bulbs just before shooting stage-medium to large size; 
c.-Bulbs of some plants in the shooting stage-large size. 
growth and the multiplication of these secondary plants they may 
even when still attached to the mother plant send off from their bases 
new shoots and these may develop sufficiently to produce new plants 
l;lefore the present plant has matured. In extraordinary cases, there-
.fore, we would have by July from a seed sown the previous fall or 
in early spring as many as fifteen or eighteen stalks, all grouped 
around the original seed stalk and all being bound together for the 
present at the . base (Figure 28). Our observation shows, however, 
that many of these side shoots die before becoming self-sustaining. 
This is to be expected,, otherwis·e the plants would soon become so 
numerous that .there would not be sufficient sunlight or nourishment 
to enable them to develop. Of course, in the crowding that occurs in 
4' 
FIG. 28.-HOW THE TIMOTHY SEEDLING PLANT MULTIPLIES 
Two stages of development of a weak and a strong seedling plant. Seed 
sown in the fall of 1908. Plants photographed June, 1'909. 
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FIG. 29.-CORRELATION BETWEEN THE MOTHEiR PLANT SHOOTING 
STAGE AND DEVELOPMENT OF THE FALL PLANTS 
a.-Before shooting stage is reached; b.-Beginning of the shooting 
stage, c.- During shooting stage; d.-During shooting stage, well advanced. 
Plants gathered May 25, 1909. 
the field, the shoots may all die from one side of the plant, whereas 
the conditions on the other side may be favorable, with the result that 
the symmetry referred to above is wholly destroyed (Figure 30). 
By the latter part of June or the first of July, the central or parent 
stalk will be in blossom or beginning to fruit. Some of the first sub-
sidiary shoots to form may likewise be in full head or blossom at a 
height of from a half to two-thirds of that of the parent stalk. As a 
rule, however, these side shoots are not so well advanced as the parent 
stalk. These earlier shoots are likely by this time to be surrounded 
by young plants varying in height from twelve or sixteen inches to 
those just beginning to grow. 
At the outset, these plants are firmly attached to the mother bulb, 
'but this attachment becomes less rigid as the subsidiary plants de-
velop bulbs of their own and especially as they develop their own root 
system (Figure 36a). These secondary plants when young apparently 
FIG. 3.0.-ASYMETRIC.AL DEVELOPMENT 
This prolific timothy bulb has six shoots from one side. 
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live entirely at the expense of the mother plant, but very early form 
their own roots and become self sustaining. The development of 
the new bulb tends fo crowd the plant away from the mother bulb so 
that by autumn this attachment is severed and we have two or more 
separate .anti independent plants from a group that was previously 
FIG. 31.-A VIGOROUS TIMOTHY BULB 
The ce~tral stem of last year is dead but there are numerous .. shoots and bulbs. 
bound together and, in the spring, came from a single shoot. The 
parent plant usually dies as soon as its function of producing seed 
and of nourishing the new plants which spring from its side has 
been fulfilled. 
The next spring, the bulbs formed this summer in the manner 
described produce the plants that are to make the growth that 
year. The number of new plants that start in the spring from a bulb 
will depend upon the strength of the bulb, thickness of the stand, 
fertility of the soil and the weather conditions. The vigor of the 
bulb will, in turn, be determined by the way it was nourished the pre-
vious year and by the weather conditions of the previous fall and 
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FIG. 32.-0LD BULBS WITH DIFFERENT NUMBERS OF SHOOTS 
Not prolific: a.- Single shoot-weak. Medium prolificacy:· b.-Two 
shoots-weak; c.-Three shoots-strong; d.-Four shoots-strong. Prolific: 
e.-Five shoots-very strong. 
winter. Observations extending over three seasons indicate that very 
many of the bulbs die, from one cause or another, at some time in 
the period from harvest until the beginning of growth in the spring. 
Many others are so weak that they will send up but a single shoot 
which develops into a puny plant which may not live to fruit. Some 
bulbs, however, show great vigor and will throw up a pair of plants 
a week before the others show any signs of life, and yet another 
pair of shoots closely following the first, so that by the time the grass 
is a foot high a half dozen plants may be developed from this one bulb. 
A striking illustration of the vigor of some plants is sh9wn in Figure-
FIG. 33.-GROWTH FROM OLD BULBS IN THE SPRING 
a.-Bulb with dead stalk of previous year; b.-Bulb with two strong 
shoots-main stem dead; c.-Bulb with three new shoots-main stem from 
bulb growing vigorously; d.-Bulb with one strong new shoot and new bulb just forming-main stalk dead; e.-Bulb with one strong new shoot and 
another small new shoot-main stem from bulb dead; f.-Bulb with two 
new shoots-the one on the left is the more vigorous. 
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3 L Note the stalk to which the label is attached is the old stubble of 
the previous year's growth while all of the other stalks have developed 
this season from the bulb. 
Figure ,32 shows five spring growths from the previous year's 
bulbs all photographed at the same time. Note the plant on the left 
with but .a single shoot and that less than three inches high, whereas 
the very 'prolific and vigorous plant on the right has produced five 
shoots or plants some of which are more than. a foot high. Figure 
FIG. 34.-TYPES OF SINGLE AND DOUBLE TIMOTHY BULBS 
The amount of the storage and the closeness of . the crown nodes deter" 
mine whether the bulb will be single or double. Gathered May 25, 1909. 
33 represents various ways in which the old bulbs put forth their 
stalks and produce new sprouts in the spring. Figure 33a shows an 
old bulb with some · signs of having started to sprout; Figure 33b, 
an old. bulb with new sprouts but no main stalk; and Figure 33c an 
old bulb with its own stalk which will produce the seed bearing head, 
and with three new strong sprouts well started. Figure 30 shows a 
vigorous old bulb · which has produced six shoots. Evidently, in this 
case, conditions favored the growth of the sprouts from one side of 
the bulb only. 
. Figures 34 and 35 serve to illustrate some of the different types 
ofbulbs found. If the nodes of the stem are rather wide apart a,~ the 
root end of the stalk, the bulb will be single as the single internode 
chamber at the bottom gives ample room for storage. Foli plants of 
eq~~l size and vigor the shorter the lower internode, the more sphericai 
will be the bulb. The fifth and sixth single bulbs (Figure 34) appear 
but little larger than the stems and show no tendency toward a spherical 
form as do No. 1 and No. 2. ·Most ?f the single bulbs tend to an in-
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terme<liate or pear shape. If, on the other hand, the nodes are close 
together, the stored material occupies two internodal chambers and we 
have a double bulb. The lower section of the double bulb may be al-
most spherical, while the upper will be a frustrum or pear shaped ·cham-
ber (Figure 35) . 
. FIG, 35.-FORMS OF TIMOTHY BULBS 
The predominating form is pearshaped and the largest do not generally 
exceed three-eighths of an inch in diameter. 
It is interesting to note the appearance of the sprouts upon the 
bulbs. Figure 35 represents bulbs gathered at or just before the shoot-
ing stage. The roots are always found at the lower end of the bulbs. 
In general, the shoots appear either at the bottom or at tl;ie top of the 
bulb, as seen in the figure. In the double bulb, a shoot may appear 
at the node between the two sections. In Figure 36a we see a sprout 
which came from the top of a single bulb or from between the two 
sections of a double bulb and is now developing a bulb and root sys-
tem of its own. The ol~ bulb is dead, as is shown by the absence of 
roots. 
The fact that sprouts spring from the top of the bulb shows the 
tendency of the plant to grow thn1 successive years nearer the surface. 
In Figure 31, many of the bulbs are seen to be nearer to the surface 
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than the mother bulb. Figure 36a is also an example of this same 
characteristic. 
The form of the bulb is affected by the fertility of the soil. In 
all of our studies, we have observed that there is not so striking a bulb-
ous character of the plant when grown on very rich land as when 
grown on poor land (Figure 37). 
The differences may be more apparent than real inasmuch as the 
·FIG. 36.-NEW TIMOTHY BULBS 
a .-A well-developed new bulb attached to dead parent bulb; b.-Two new 
bulbs developing upon a growing parent bulb. 
nodes of the plants on the rich land are much longer and they are not, 
therefore, so thick for the same volume. This extra length is probably 
due to the more rapid height growth of the young plant on rich land. 
However, it appears to be true that the bulbs are not as large on 
the plants grown on rich land in proportion to · the size of the plant as 
are those grown on poor lands. It is not impossible that the bulbs may 
be actually smaller in size and in quantity of stored food on rich land 
than on poor land. This may be due to the fact that on rich land the 
plant food is in greater abundance and in more concentrated solution, so 
, 
1 
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that the plant has less occasion to rely upon previously stored food, 
whereas the food supplied to the plants growing on poor soil is limited 
and in dilute solution especially in . the early season of the year when 
the soil is very wet and when the temperature is relatively low. To 
FIG. 37.-EFFECT OF FERTILITY ON FORM OF TIMOTHY BULBS 
a.-Plants grown on rich land; b.-Plants grown on thin land. 
All plants at blossoming time. 
tide over this period it is conceivable that the plant might fortify itself 
more fully than the one which can place a larger reliance in the soil in 
which it grows. 
The vigor of the early growth and the power of the plant 
to multiply rapidly should be taken into consideration in all 
attempts at the improvement of the timothy plant by means of selec-
tion. In fact, the characteristics of the bulb are of greater impor-
tance and are a safer index of the value of .the plant for the produc-
tion of hay than is the form and size of the seed head which hitherto has 
been an important factor in making selections for the improvement of 
the timothy plant. 
Figure 37 illustrates the long coarse stems of the timothy grown 
on rich land and the short leafy hard stems of smaller diameter of the 
plant from poor soil. The root system of the plant grown on rich land 
60 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN 19 
is small with short rootlets, while the plant grown upon poor land (Fig-
ure 37b) develops a large root system, with long rootlets, thus pre-
senting a large absorbing surface to the soil in order that the necessary 
food for the plant may be gathered. 
Summing up our study of the reproduction of the timothy plant, 
a seed sown in the fall or early spring produces a single plant. In tire 
spring, this plant produces a stalk and head. The head flowers and 
produces seed. A bulb at the base of the stalk enlarges as the stalk 
increases in height and, about the time the head appears, new shoots 
spring from the bulb and develop into small plants which are attached 
and clustered about the central plant. A root system will develop later 
on each of these new plants, all at the expense of the parent bulb. The 
parent bulb reaches its full development at about the time the main 
seedbearing head is ripe or a little while before. The secondary plants 
may continue to grow and may produce heads and bear seed before 
the close of the growing season if the season is favorable and if left 
undisturbed. Bulbs and roots develop on these new plants largely 
at the expense of the parent bulb which by this time becomes shrivelled 
and soon dies, having fulfilled its function. At the close of the grow-
ing season, these secondary bulbs are well developed· and have estab-
lished their own root systems: They 'remain dormant thru the win-
ter; in the sprillg they send forth the stalks which later head, flower, 
and produce seed in the usual manner, so the process of regeneration of 
the previous year is repeated. 
It is apparent, therefore, that the process of regeneration may be 
repeated thru as many seasons as the conditions of the soil, weather, 
and management will permit. In other words, there is no inherent 
reason why a timothy stand might not be maintained indefinitely and 
with undiminished vigor without reseeding. 
PROPER MANAGEMENT FOR MAINTAINING A VIGOROUS STAND 
It is 'evident from what has been said that thickness of the stand 
and the vigor of the plants are largely dependent upon the manage-
ment of the meadow and particularly upon the care which is given 
to the bulbs. Any system of treatment which will insure the full and 
perfect development of the bulb this season and which will protect it 
during the coming winter will contribute materially toward a perfect 
stand of vigorous plants the following spring. Conversely, conditions 
which are unfavorable to bulb development will tend to thin the 
stand, by reducing the vigor of the plants from which the next crop 
is to be obtained. Among the conditions which are unfavorable are 
( 1) harvesting early; (2) grazing closely, especially early; ( 3) tramp-
ing by stock when the ground is soft; and ( 4) burning off the stubble 
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so· as to expose the plants to the extreme cold of winter or to the al-
ternate freezing and thawing in the spring. 
When a considerable area is to be harvested it is not feasible to 
cut it all at the right time. At best, a portion of the area must be cut 
after the plants are mature enough not to show any injurious effect upon 
the next year's yield. By alternating the early and later cut areas, 
the effect of the early cutting will be materially minimized. When 
practicing early cutting, the grazing of the meadow should be care-
fully avoided. Indiscrimihate pasturing, no matter when the crop is 
harvested, is inadvisable. 
THE KEEPING QUALITY OF HAY AS AFFECTED BY THE TIME OF 
CUTTING ' 
Immature plants contain more soluble and readily altered com-
pounds than do mature plants. The stems and leaves of young plants 
are also more fragile and absorb moisture more readily than do older 
plants. 
Early-cut hay, therefore, is much more liable to injury from rains 
and dews, from sunburn and under-or over-curing, than hay that is 
late cut. The late-cut hays will also turn water in the shock or stack 
much better than that which has been harvested when the plants are 
yet green. 
THE SELLING QUALITY OF HAY 
The commercial grades of hay.-The following are the rules for 
the different grades of timothy, clover, and alfalfa hay adopted by the 
National Hay Association: 
Choice Timothy Hay-shall be timothy not mixed with more than 
one-twentieth other grass, properly cured, bright natural color, sound, 
and well baled. 
No. 1 Timothy Hay-shall be timothy with not more than one-
eighth mixed with clover or other tame grasses, properly cured, good 
color, sound, and well baled. 
No. 2 Timothy Hay-shall be timothy not good enough for No. 
1, not more than one-fourth mixed with clover or other tame grasses, 
fair color; sound, and well baled. 
No 3 Timothy Hay-shall include all hay not good enough for 
other grades, sound, and well baled. 
No Grade Hay-shall include all hay badly cured, stained, 
threshed, or in any way unsound. 
Light Clover Mixed Hay-shall be timothy mixed with clover, 
the clover mixture not more than one-fourth, properly cured, sound, 
good color, and well baled. 
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No. 1 Clover Mixed Hay-shall be timothy and clover mixed with 
at least one-half timothy, good color, sound, and well baled. 
No. 2 Clover Mixed Hay-shall be timothy and clover mixed 
with at least one-third timothy, reasonably sound, and well baled. 
No. 1 Clover Hay-shall be medium clover not more than one-
twentieth other grasses, properly cured, sound, well baled. 
No. 2 Clover Hay-shall be clover, sound, well baled, not good 
enough for No. 1. 
Choice Alfalfa-shall be reasonably fine leafy afalfa of bright 
green color, properly cured, sound, sweet, and well baled. 
No. 1 Alfalfa-shall be coarse alfalfa of natural color or rea-
sonably fine leafy alfalfa of good color and may maintain 5 per cent 
of foreign grasses, must be well baled, sound, and sweet. 
No. 2. Alfalfa-shall include alfalfa somewhat bleached but of 
fair color, reasonably leafy, not more than one-eighth foreign grasses, 
sound, and well baled. 
No. 3 Alfalfa-shall include bleached alfalfa or alfalfa mixed 
with not to exceed one-fourth foreign grasses, but when mixed must 
be of fair color, sound, and well baled. 
No Grade . alfalfa-shall include alfalfa not good enough for 
other grades, caked, musty, greasy, or thrashed. 
The writer has interviewed the majority of hay commission mer-
chants in the Middle West and East and has learned that nearly all 
of the hay which reaches the central markets is used for feeding city 
horses. It is a striking fact that only about five per cent of the hay 
coming to these markets grades· choice or commands the highest mar-
ket price. City horse men prefer and will pay a premium for choice or 
No. 1 hay and will not buy poorer grades if the best grades are to be 
had. There is usually an oversupply of low grade hay, the disposition 
of which constitutes a perplexing problem to those who handle this 
grade and occasions a loss to those who produce it. It is seldom that 
there is too much 'good hay on the market. 
According to McClure3 of the Bureau of Plant Industry, one of 
the causes of this . oversupply of poor hay in the market is the failure 
of the original buyers to grade the hay accurately and definitely. 
Hay that is free from weeds and unlike grasses, not too ripe, 
carefully cured, so as to be free from sunburn and preserve its color 
and aroma, should be purchased at a substantial advance in price over 
poorer kinds. It is only by some such means that the farmers will be 
stimulated to improve their output. The loss arising from the forc-
ing of low grades of hay on the market is borne by the farmers who 
produced this hay. It is true that under the best management some 
'McClure, Harry B . Conditions affecting the value of market hay. U . S, Dept. Agr Farmers' Bull. 362. 1909. 
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poor hay will be made but most of the causes of poor grade hay are 
preventable. The following are some of the causes which lower the 
quality and reduce the price of market hay: 
l. Cutting too ripe and getting a brown or yellow color instead 
of bright green. In many cases, seed shattered instead of heads being 
intact. City trade likes the bright green hay. Ripe grades will sell 
from $1 to $3 less. 
2. Putting in mow too moist with the result that the hay be-
comes molded and discolored. 
3. Exposing to sun too long and bleaching out. 
4. Allowing it to be rained upon in swath. 
5. Allowing to remain in shock until too much weathered. 
6. Stacking outside and not discarding the weathered portions 
when baling. Care should be taken to discard all portions poorer that 
the grade which the bulk of the hay will run. It is better to throw 
away the stained and weathered hay than to bale it with the rest and 
then lower the grade of the entire shipment. Hay at all questionable 
is put into as low a grade as possible. 
7. The presence of weeds. 
8. The presence of other grasses, especially red top. 
9. The presence of more than. one-sixth clover of any sort and 
. ~specially red clover. There is less objection to alsike than to red 
dover. White clover is least objectionable of all clovers because at 
1 he time when timothy is cut white clover is in better color, and finer 
: .nd freer from dust than red clover or even alsike. 
10. Poor baling. 
11. Making wrong-sized bales. Producers are often careless as to 
the size of the bales, which may vary from 40 pounds to 90 pounds 
e.1ch. The proper size of bale weighs 65 to 70 pounds. Consumers 
object to paying rriore than the price of the average bale for the ex-
tra large bale and refuse to accept a small bale even at a reduced 
price. Therefore, for convenience in handling and ease of making 
sales, the bales should be uniform in size. 
12. Sending the hay to market in too warm weather so that it 
heats before reaching the consumer. Often the bales burst on arrival. 
13. Allowing meadows to stand too long before being broken 
up and planted to some cultivated crop. After !orig periods of timo-
thy growth, the stand becomes thin and weeds and wild grasses replace 
the timothy. A thick stand of timothy is almost necessary to produce. 
choice hay. If the land is rich and the stand thick, the timothy hay 
will lodge and rust. If too thin to lodge, the stalks will be coarse. A 
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soil fertile enough to m:aintain a thick stand with a thin stem is the 
ideal soil for producing choice hay. 
14. The state of the market. When hay is scarce, there is less 
discrimination against poorer grades than when the market is filled. 
HAY NOT GROWN PRIMARILY BECAUSE IT IS PROFITABLE 
On the better land in the corn belt, hay is not grown primarily be-
cause it is a profitable crop but rather in an attempt to rest the land 
and better distribute labor. If it were possible to give profitable em-
ployment thruout the year to the laborers and teams required to 
grow and harvest the corn crop without employing other crops such 
as timothy, wheat, oats, and clover, and if there were not need of 
rotating crops, the better to balance the drain upon the fertility of the 
land and to check the accumulation of insect pests and plant dis-
ease~, timothy would not be the profitable crop to grow on much of 
the land of Missouri. 
TABLE XVIII.-DIGESTIBLE MATERIAL FROM CORN AND TIMOTHY 
Name of crop Weight Total digestible Crude Ether Carbohydrates 
dry matter protein extract 
Pounds Pounds Pounds Pounds Pounds 
. 
Corn .... . .......... 1792 1423 146 77 1200 
Timothy ........... 2000 950 56 28 868 
It is safe to estimate that the average net return from a corn 
crop is more than double that obtained from a timothy crop if we dis-
regard the influence of the two crops upon the land. Assuming, for 
example, that thirty-two bushels of corn and one ton of timothy 
are equivalent yields we have the amounts of digestible dry matter 
produced per acre indicated in Table XVIII. 
We still have at least 1,000 pounds corn stover not counted in 
the foregoing. table. Corn stover, according to extensive experiments 
conducted at this station, has a feeding value of half its weight of 
timothy for wintering yearling and two-year-old cattle. We might 
safely, therefore, subtract 750 pounds from the yield of timothy which 
would leave only 594 pounds of digestible dry matter produced on 
an acre of timothy as compared with 1,423 pounds from corn. There 
would be only 35 pounds of digestible protein from timothy, com-
pared with 146 pounds from corn; 17 pounds of digestible ether ex-
tract from timothy, in comparison with 77 pounds from corn; and 
only 542 pounds of digestible carbohydrates in timothy, compared 
with 1.200 pounds from corn. It will be understood that a pound 
of digestible dry matter in timothy is n0t nearly so valuable for feed-
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ing purposes as it is in corn, partly because it requires much mote 
energy to masticate and digest hay than it does corn. This, in a 
measure, explains why corn is capable of fattening animals while timo-
thy, at best, will only maintain them in a thin condition. 
The difference in the financial return may be well illustrated by 
the fact that land in pasture grass will rent for from $2.50 to $4 
per acre a year; in timothy, from $4 to $6.00; in wheat, from $5 
to $8; in corn, for from $5 to $15, either as a cash rental or on the 
basis of the customary portion of the crop. The men who make 
a practice of letting land out to tenants for a part of the crop always 
expect a relatively limited return in the years when it is in grass 
either for hay or pasture, and a smaller return when it is in wheat or 
oat.s than when it is in corn. These lower returns are justified be-
cause of the beneficial effect the growing of some of these crops exerts 
upon the land, and because the others do not exhaust the soil as 
rapidly as does corn. 
That the return from hay crops is low is due to two principal 
ca.uses. Hay is a coarse bulky product of a relatively low nutritive 
value, is expensive to transport long distances to market, and on the 
farm comes into competition with still lower grades of forage and 
still cheaper materials such as corn stover and straw. These are es-
sentially waste products which have cost nothing to produce and 
which have no market value. They may in a measure, however, be 
used instead of hay. 
While the relatively low returns from timothy in a large meas-
ure are due to the inherent qualities of the plant, yet it is worthy of 
mentjon that in the corn states, timothy is usually sown on land that 
has already been more or less exhausted by grain crops, with a view 
to resting the land, and whatever rpanure is applied is given to other 
and more valuable crops. The timothy, therefore, is given a poorer 
opportunity than any other farm crop unless it be pasture grass. 
TIMOTHY DOES NOT REST LAND 
It is an old notion that land seeded to timothy, even tho the crop 
be removed, is being rested and improved. This, however, is not true 
in any other sense than that a horse that has been driven rapidly 
may be considered as. being rested by being driven more slowly. 
It is correct to say that the plant food is being removed from the 
soil less rapidly when it is grown in timothy than when grown in 
corn or wheat. Likewise, the humus of the soil is being burned out 
less rapidly because there is no cultivation ; the soil surface is be-
ing washed or eroded less rapidly because the surface is bound to-
gether by the roots of the timothy plants thruout the whole year i 
5 
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and the store of plant food is being exhausted less rapidly because a 
smaller crop is obtained. 
The notion that timothy actually improves land, or actually adds 
to its fertility, doubtless grew out of the fact that usually when 
timothy sod is plowed under and the land is planted to some such 
crops as corn, a larger crop is produced than the same land would 
have borne had it not been grown in timothy. This is to be explained, 
however, on the ground that the timothy may have taken mineral 
plant food out of the soil less rapidly than it was made available 
by the chemical processes that go on in the soil and the large amount 
of vegatable matter left as roots and stubble which, in the process of 
decaying, helps to unlock much plant food and also greatly improves 
the mechanical condition of the soil. 
Our results indicate that more nitrogen is contained in the stub-
ble and bulbs of timothy than in an equal area of stubble and roots 
of wheat, and as much as is contained in the stubble and roots of corn, 
as is shown in Table XIX. 
TABLE XIX.-FERTILIZING CONSTITUENTS PER ACRE IN THE ROOTS AND STUBBLE 
OF TIMOTHY, WHEAT, AND CORN 
Material analyzed Nitrogen Phosphorus Potassium 
pentoxide oxide 
Per cent Pounds Per cent Pounds Per cent Pounds 
Timothy stubble ......... . . ... 0.32 2.29 0 . 17 1.21 0.60 4.29 Timothy bulbs . . . ..... . . .. . ... .46 4 .91 .48 5 .09 .94 10.04 Timothy stubble and bulbs 
combined . ... . . . .. .. .. . . .. .40 7.20 .35 6 .30 . 84 14.33 Wheat roots and stubble' .. . . .. . .31 2.54 
Corn roots• . . . . . . . . . . . . . . . . ... .70 5 . 10 .29 2 .11 
'There are no data available on the phosphorus and potassium of wheat roots and stubble, 
either at this station or in the literature of the subject. 
•There are no data available on the potassium content of corn roots, either at this station 
or in the literature of the subject. 
The corn roots in the above data were from nutrition experi-
ments on corn in which the plants, grown in sand, were furnished 
optimum and minimum amounts of plant food thruout various stages 
of their growth. In the above data, the plant received sufficient 
amounts of plant food for the first one-half or two-thirds of the life 
period and for the rest of the time the amount was deficient. This 
would correspond most nearly to the conditions under which the 
timothy plant grows: the first two-thirds of the life period usually 
furnishing a sufficient rainfall to permit the absorption of all the 
plant food necessary, and the latter part of the period being drier and 
resulting in less plant food being absorbed. Unfortunately for our 
data, the corn stalks in these nutrition experiments were cut off just 
above the ground instead of leaving a stubble of six inches or more 
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in height. We lack, therefore, the additional yield due to this stub-
ble which should be taken into account for field conditions. If we 
should assume the same percentage composition, and a weight of stub-
ble of 50 per cent as great as that of the roots, the yields per acre for 
corn roots and stubble of nitrogen and phosphorus pentoxide would be 
7.65 and 3.17 pounds respectively. This is .45 pounds of nitrogen 
more and 3.13 pounds of phosphorus pentoxide less than is fornishecl 
by one acre of timothy. 
REST LAND WITH CLOVER INSTEAD OF WITH TIMOTHY 
It is more strictly true to say that land is being rested when 
clover is grown upon it than when timothy is grown, because as is well 
known the clover plant has the capacity of gathering nitrogen from 
the air and storing it in the soil thru the roots and stubble, altho the hay 
be removed, and for the further reason that clover is a deep feeder 
and draws plant food from depths of the soil which are beyond the 
reach of most other cultivated plants. 
When the clover is taken off, the lane! builds up very slowly. It 
has a temporary effect in leaving available nitrogen, but it is exhaus-
tive of potassium, phosphorus, and calcium. This is masked by tho 
temporary accuml1lation of these in the roots, but the ultimate effect 
of clover will be to make land gradually decrease in fertility, especially 
when it is low in lime and phosphorus. Clover must be pastured off or 
fed back to bring in an actual gain in nitrogen. 
In consideration of the very great value of clover as a renovating 
crop and of the fact that it will uniformly produce a larger yield than 
will timothy, particularly on thin land and especially in the light 
of the high feeding . value in contrast with timothy as shown by the 
results of our experiments,4 it may be wondered why the farmer per-
sists in growing timothy at all and why he does not make his entire 
hay area reel clover. The advantages of red clover over timothy have 
not been in the slightest degree exaggerated and the facts presented in 
its favor are incontrovertible. Nevertheless, most of the hay in the 
country is timothy, partly because of conservatism. This can not 
be regarded as the chief. reason, however, for the farmer may be de-
pended upon to modify his practice quickly if the advantages and con-
veniences are all on the side of the new method. The principal reason 
for his adherence to timothy is· the ease, certainty, and convenience 
with which it may be grown, cured, and marketed. The seed costs 
less, the young plants are less apt to be killed by frost or drought, 
the stand endures longer, the harvesting of the hay comes at a time 
•Waters, H. J. Wintering yearling cattle. Mo. Exp. Sta. Bull. 75 . 1907. Waters 
H. J. Fattening ,::cattle for the market. Mo. Exp. Sta. Bull. 76. 1907. 
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when the corn cultivation is completed. This is a time of year when hay 
making is easy, because the weather is settled, the soil is dry, the 
plants are mature enough to require but a few hours' exposure to 
the S\111 and, altogether, the haymaking process moves smoothly and 
with comparatively few interruptions. 
Clover hay unforttlnately must be cut green, when not more 
than a third of the heads are brown, \vhen the stalks and leaves are 
full of sap, when the soil is moist and the weather showery, and when 
corn cultivation and wheat harvest are pressing. Moreover, the 
freshly cured clover hay is heavy and laborious to handle; when 
put up into stacks or ricks it does not withstand the weather well. 
The clover plant is also short lived, yielding at best but one foll crop 
of hay and a seed crop from one sowing, while timothy will remain 
in a fashion for years without reseeding or replenishing. 
However, with all of these advantages in favor of the timothy 
as a hay plant, its three fundamental weaknesses are ( 1) A relatively 
low yield, (2) exhaustive of the resources of the soil, ( 3) a product 
of low feeding value and of no special use in supplementing the 
other forage crops sown 0.n the farm. Hence, in general, outside that 
quantity which may be grown for sale for the city consumption and 
the very limited amount required for the driving and work horses of 
the farm, there is no indispensable place in farm economy filled Ly 
timothy that can not be quite as well filled by corn stover, straw, and 
other cheap forage. 
It may be asserted with equal positiveness that the clover plant, 
notwithstanding all the limitations to its wide extension in certain 
regions, must be more and more relied upon as the great forage crop of 
the American farm. 
